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SUCCESS PROBABILITY AND CHOICE BEHAVIOR 


i F 


FEATHER ! 


University of New England, New South Wales, Australia 


The present investigation is con- 
cerned with the effect of varying a 
person’s subjective probability of 
attaining a goal in a choice situation 
involving different goal objects. Spe- 
cifically, three problems which ap- 
pear to be basic ones in the analysis 
of choice behavior are investigated. 
They are: (a) Is the attractiveness of 
attaining a goal object related to S’s 
subjective probability of attaining it? 
(b) Is the tendency to choose to get 
a goal object related to S’s subjective 
probability of attaining it? (c) Might 
one expect these relationships to vary 
between, on the one hand, an ego- 
related situation (one in which success 
can obviously be related to the efforts 
and skill of the person) and a chance- 
related situation which suc- 
cess is determined by 
chance and on the other 


(one in 
apparently 
factors) ; 


1 Now on leave at the University of Michi- 
gan, Ann Arbor, Michigan The author 
thanks Duncan Howie for his advice in 
connection with this research which was sub- 
mitted in fulfillment of the M.A 
degree at the University of England, 
New South Wales 

2 This parallels Filer’s 
between merit conditions in 
his study of factors affecting the attractive- 
ness of goal objects and a recent distinction 
made by Phares (1957 skill 
chance situations. 


Honor's 


New 


1952 


nonmerit 


distinction 
and 


between and 


hand, between an achievement-oriented 
situation (a test-like situation in- 
volving considerable pressure towards 
doing well) and a relaxed situation (a 
freer, more play-like situation in- 
volving no obvious pressure towards 
high achievement)? In this 
tigation an attempt is made to 
elucidate the above relationships and 
to examine whether they vary for the 
types of situation indicated. 

Three concepts are employed in 
this study: (a) Attainment attractive- 
ness: Given a number of goal objects 
A, B, C the attainment attrac- 
tiveness of A> attainment attractive- 
ness of B> ., if in a situation in 
which S is required to express his 
wishes with attainment, 
and in the absence of any commitment 


inves- 


respect to 


to the choice, he states that he would 
prefer to get A, rather than to get 
Dp. (b) Choice potential: Given a 
number of goal objects A. SB, <; 
the choice potential associated with 
A> choice potential associated with 
B> if, in a situation in which 
there is the implication that S is 
committed to his choice, he chooses 
* This parallels the distinction made by 
McClelland et al. (1953) and Atkinson (1954 


in their investigations of the achievement 
motive 
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to get A, rather than B,... (c) 
Success probability: The success proba- 
bility associated with a goal object 
refers to the probability held by S 
that a particular goal object may be 
obtained. 

Attainment attractiveness is analo- 
gous to Lewin’s (1938, p. 88) valence, 
to Rotter’s (1954, p. 107) reinforce- 
ment value, and to the concept of 
utility in decision theory (Edwards, 
1954). Choice potential may be re- 
lated to Lewin’s (1938, p. 89) force, 
to Rotter’s (1954, p. 105) behavior 
potential, to subjectively expected 
utility (SEU) in decision theory 
(Edwards: 1954, 1955) and to Atkin- 
son’s (1957) strength of motivation. 
It will be noted that the definitions 
of both attainment attractiveness and 
choice potential refer to the attain- 
ment of the goal object rather than 
to the goal object per se, and the 
operational distinction between these 
concepts is in terms of a wishful choice 


as opposed to a choice which may 


have to be acted upon. Success 
probability parallels Rotter’s (1954, 
p. 107) expectancy, the expectancies 
of Tolman (1955) and Atkinson 
(1957), and also corresponds to the 
concept of subjective probability em- 
ployed in Lewinian theory (Lewin, 
1943; Lewin, Dembo, Festinger, & 
Sears, 1944) and in decision models 
(Edwards, 1954; Coombs & Beardslee, 
1954). 

In terms of these concepts two 
hypotheses are advanced. Hypothesis 
I is that the attainment attractiveness 
of a goal object should tend to vary 
inversely with the associated success 
probability. This assumed covaria- 
tion should tend to be more apparent 
in ego-related than in chance-related 
situations, and more apparent in 
achievement-oriented than in relaxed 
situations. Hypothesis 2 is that the 
choice potential associated with a 


goal object should tend to vary 
directly with the associated success 
probability. This assumed covaria- 
tion should tend to be less apparent in 
ego-related than in chance-related sit- 
uations, and less apparent in achieve- 
ment-oriented than in relaxed situa- 
tions. Thus, in Hypothesis 1 it is 
predicted that in a situation free from 
commitment, a person should tend to 
wish to get a goal object more as 
success becomes less likely for him. 
In Hypothesis 2 it is predicted that 
in a situation implying commitment, 
a person should be less inclined to 
choose to get a goal object as success 
becomes less likely for him. These 
relationships are, in turn, considered 
in terms of situational context. 
Assumptions involved in these hy- 
potheses are presented in detail else- 
where (Feather, 1959). For Hypoth- 
esis 1 these assumptions consider the 
increase in the value placed on 
achievement with increase in difficulty 
level, and the relationship of this 
achievement value to different 
ations, the assumption 
success is valued 
related situation than in 
related situation, and 
achievement-oriented situation than 
in a relaxed situation. For Hypoth- 
esis 2 it is assumed that past experi- 
ences in commitment situations where 
there is the possibility of loss may 
lead to a tendency to choose the easy 
rather than the difficult, i.e., success 
probability should tend to have a 
constraining effect on choice. How- 
ever, the value placed upon the 
difficult achievement is also assumed 
to be an important factor in a com- 
mitted choice. Thus it may happen 
that this value becomes the focal 
element in decision in ego-related and 
achievement-oriented situations, even 
though the choice involves commit- 
ment. In short, it may be 


situ- 
that 
eZO- 
a chance- 
more in an 


being 
more in an 


found 
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that in these situations, committed 


choice tends to follow S’s wishes. 


METHOD 
Subjects and Design 


The variables were incorporated into a 
2X2X2 factorial design giving eight 
groups with treatments listed in Table 1 

Twenty-four boys, sampled from Grade 6 
of New South Wales primary schools, were 
randomly group. It 
considered that at the age level sampled, one 
might reasonably expect to find evidence of 
the effect of learning on choice behavior as 
indicated in the assumptions. Further, sam- 
pling from an exclusively male population 
controls the possibility of sex differences, 
which might arise due to differences in the 
upbringing of girls compared with boys 
Analyses of variance indicated that differences 
between groups with respect to ages and IQs 
are not significant 


assigned to each was 


General Procedure 


Five candies, selected on the basis of pilot 
research to be similar in attractiveness, were 
rhey were of the Life- 
saver type (lime, orange, butterscotch, barley 
sugar, lemon The was by 
way of paired-comparisons, each S being 
presented with the 10 pairs of candies suc- 
cessively in an individual testing situation. 
One candy in each pair was easier to get than 
the other, the difference in success probability 
between the candies being related to different 
task requirements 7, and 7). The basic order 
used in presenting the 10 pairs was derived 
from Ross’ (1934) lists to meet the usual 
requirements (Guilford, 1954, p. 160) of a 
paired-comparison arrangement These pairs 
were also arranged so that the comparisons 
into which a particular candy entered when 
with 7; were the same as the 
comparisons involved when this candy 


used as goal objects. 


presentation 


associated 
was 
associated with 7». 

The S was required to make his selection 
from each pair in accordance with the de- 
For attainment 
“Now if 
were to get one of these, which one would you 
getting? Which 
one do you wish you could get the most?” 
For choice potential the question was, “‘Which 
one would you actually choose to try to get?” 


pendent variable studied 


attractiveness he was asked, you 


feel most pleased about 


The S was asked to give a reason for his 


selection from each pair immediately after 


TABLE 1 


TREATMENTS FOR THE E1GHT Groups 


Dependent Variable 


Independent Variable 
Attainment Situation 
Attrac- 
tiveness 


Choice 
Potential 


Group A |Group E | Ego-related 

+ Achievement-oriented 
Chance-related 
+Achievement-oriented 
Ego-related + Relaxed 
Chance-related 

+ Relaxed 


Group B |Group F 


Group C |Group G 
Group D |Group H 


each choice, thus providing a set of qualitative 
data for analysis 


Varying Success Probability 


The operational specification of success 
probability 


contingent 


attainment 
certain per- 
formance requirement in a task, and varia- 
tions in success probability were achieved by 
selected changes in this task requirement. 
Ego-relited Under ego-related 
conditions the task used was card sorting 
The Ss were required to sort a pack of 36 
playing cards into three trays, face cards and 
6's being excluded. It that 
since this task obviously involves learning, 
and improvement is gradual, S should tend 
to see his results as largely due to his own 
efforts and skill The S worked at this task 
for six trials for which fictitious prearranged 


making 
satisfying a 


involved 
upon 


situation 


was assumed 


A realism was 
given to these reported scores by basing them 


time scores were reported 


on the trend of actual scores obtained in a 
small pilot study. It was thought that the 
use of a novel task (card sorting), in conjunc- 
tion with a prearranged sequence of scores, 
would allow sharper control over 
probability. Two sequences of scores (Se- 
quence | : 57, 54, 51, 49, 48, 47; and Sequence 
11: 58, 55, 52, 50, 49, 
reduce the risk that posttest comparisons of 
scores by Ss might lead to the detection of 
their fictitious nature. Each of 
quences was used for half the Ss. 
Following the six trials on the card-sorting 


SsuCCEeSS 


48) were used so as to 


these se- 


task the 10 pairs of candies were introduced 
in succession In each pair, one candy was 
task requirement 7, (41 
sec. following Sequence |; 42 sec 
Sequence II); 
requirement 7» 
47 ser 


associated with a 
following 
with a task 
following Sequence I ; 


These task 


the other candy 
46 sec 
following Sequence I! 
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requirements were selected on the basis of 
pilot research so as to determine differences 
in success probability. The S was led to 
believe that attainment of a candy depended 
upon fulfilling the associated performance 
requirement. Thus, “Suppose you were 
actually going to try to get one of these, and 
that you would get it only if you could sort 
the cards within a certain time. If you 
decided to try for this one, you would get it 
only if you sorted the cards within 41 se 
(T,). If you tried for this one, you would get 
it only if you sorted the cards within 46 sec. 
(T:). So this packet is an easy one to get, 
this one is a hard one to get.’ 

Chance-related 
used 


Here the task 
box containing 15 red 
marbles. One of the 
marbles could be rolled through a gate at the 
bottom of the box. For each of the 10 pairs 
of candies presented, one candy was asso- 


situation 
lottery 
and 5 


was a 


marbles blue 


ciated with a task requirement 7, (rolling 
out a blue marble), the other candy with a 
task requirement 7, (rolling out a red mar- 
ble). Each S was led to believe that attain- 
ment of a candy depended upon rolling out 
a marble of a particular color. Thus, “If 
you decided to try for this one you would get 
it only if you rolled a blue marble out of the 
box (7). If you tried for this one you would 
get it only if you rolled a red marble out of 
the box (7;).” 

It will be that for both ego- 
related and chance-related situations, in each 
pair, the candy associated with 7, was more 
difficult to get than the 
with T, 


observ ed 


candy associated 


Achievement-oriented and Relaxed Situations 


Under conditions 
card sorting was introduced as a test of speed 
and the lottery box as a test of luck. In 
the relaxed situation, card sorting was intro- 
duced as a game played with cards and the 
lottery box as a marble game. 


achievement-oriented 


Statistical Analysis 


For each group the frequency of selection 
(+) and nonselection (—) of each candy 
when associated with task requirements 7; 
and T, was tabulated. Sutcliffe’s (1957) ex- 
tension of the x? technique to frequency data 
for multiple classification designs, was applied 


to the data to bring out interaction effects.‘ 


‘ The author is indebted to J. P. Sutcliffe 
for his advice in this 
analysis. In his discussion the 
present design is of the 2(b) form, the mixed 


the application of 
terms ol 


. 
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Investigation of Actual Choice 


In the investigation of choice potential in 
the above experiment, the S was not, in fact, 
required to act upon his choice, although a 
commitment type of question was used. The 
relationship between choice potential and 
success probability was also investigated in 
a situation of actual choice. One might 
expect that, under these conditions, the 
constraining effect of success probability on 
choice would be even more pronounced. 

Thus E also presented each S with a pair of 
candies, one associated with the 7, task re- 
quirement, the other with the 7, task require- 
ment in an actual situation. The 
same pair of candies was used throughout for 
all groups. Each S was taken individually 
than one week after the main 
session and was presented with these candies 
arranged in the same way as in the main 
session. 


choice 


not more 


The same conditions with respect 
to ego-related or chance-related, achieve- 
ment-oriented or relaxed situations, as in the 
main applied. 
emphasized an actual choice: “I’m going to 
let you actually try to get one of these today. 
Which one are you actually going to try to 
get?” 


session, also Instructions 


RESULTS 
Analysis of Frequency Data 


The classifications are symbolized as 
follows: E (ego-related situation), C 
(chance-related situation) ; A (achieve- 
ment-oriented situation), R (relaxed 
situation); 7, (difficult task require- 
ment), 72 (easy task requirement) ; 
+ (selected), — (not selected). 

Because of the pairing system em- 
ployed, when one candy is selected 
(+) another is rejected (—). 
the five candies are not 


Hence, 
included as 


another classification in the x? analysis 
of results since they are not independ- 
ent with respect to the type of tabula- 


tion employed. In view of this, the 
analysis of results bearing on Hypoth- 
eses 1 and 2 is made for each candy 
separately, and_ similarities/dissimi- 
larities in the five different analyses 
are indicated. 


model with parameters estimated from the 
data. 
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Hypothesis 1.—Results from Groups 
A, B, C, and D are relevant to 
Hypothesis 1. Detailed presentation 
is made in Table 2 of the results for 
Candy D (barley sugar). 

Table 3 summarizes the results of 
the x’ analysis applied to this data. 
The x? values which are particularly 
relevant to Hypothesis 1 are those 
from Sources 3, 5, 6, and 7 in Table 3. 
It will be noted that all but the last 
are highly significant. 

In Table 4 there is a significant 
decrease in the proportion of + 
selections (i.e., less of a tendency to 
wish to get Candy D), as the task 
requirement changes from 7, to 7» 
(i.e., an increase in the success proba- 
bility associated with Candy D). 
Thus, for conditions considered as 
a whole, there is evidence that the 
attainment attractiveness of Candy 
D is inversely related to success 


rABLE 2 


FREQUENCIES OF SELECTION 
NONSELECTION 
FOR ALI 


(+) AND 
) or Canpy D 
CONDITIONS 


Choices 


Not 
Selected 
=) 


Selected 
(+) 


Ego, Achievement, 7» 
Ego, Achievement, 7; 


Ego, Relaxed, 7, 
Ego, Relaxed, 7; 


Chance, Achievement, 


Chan e, Achievement, 


Chance, Relaxed, 7: 
Chance, Relaxed, 7; 


rotals 


Note 
related, 
selected 


Table 2 is to be read as follows: In the ego 
achievement-oriented situation Candy D is 
once and rejected 47 times in the 48 pairs in 
which its attainment depends upon satisfying the task 
requirement 7: (sorting the cards within 46 or 47 sec.) 
and when attainment attractiveness is the dependent 
variable. 


TABLE 3 


RESULTS OF x? ANALYSIS FOR CANDY D 


Source x? 


(EC)(+—) | 1.77 
(AR)(+—) 26 
(7:T2)(+—) 76 
(EC)(AR)(+-—) 26 
(EC)(T,T2)(+—) 84 
(AR)(T,T2)(+—) 5.94 
(EC)(AR)(T1T2)(+- 01 


VAAVAVYV 


Total 99.84 


probability. This supports Hypoth- 
esis 1. Table 4 also shows that the 
decrease in the proportion of + 
selections from 7; to 7: under ego- 
related conditions is greater than the 
decrease under chance-related 
ditions. Similarly, this 
seen to be greater under achievement- 
oriented conditions than 
laxed conditions. The results show, 
then, that 


con- 


decrease is 
under re- 

the inverse relationship 
rABLE 4 


FREQUENCIES OF 
SELECTION 


SELECTION (+4 
CANDY 


Non- 
D RELATING 


AND 
(—) OF 
2 J 
TO x*(T,7s)(4 x" (Be 

AND x7(4R) (7,73 


ondition 


Selected 


( 


144 


63 
207 


84 
26 
60 


37 
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TABLE 5 


FREQUENCIES OF SELECTION (+) AND 
NONSELECTION (—) oF CANDY A 
FOR ALL EXPERIMENTAL 
CONDITIONS 


Choices 


Condition Total 
Not 
Selected 
(=) 


Selected 
(+) 


“go, Achievement, 7, 31 48 
“go, Achievement, 7; 15 48 


“go, Relaxed, 7: 4 7 48 
“go, Relaxed, 7; 2 36 48 


‘hance, Achievement, 
‘2 48 
“hance, Achievement, 


T; 48 


Relaxed, 7 48 


“hance, 
- Relaxed, 7; 9 : 48 


han e, 


Totals 193 191 | 384 


Note Table 5 is to be read as follows: In the ego- 
related, achievement-oriented situation Candy A is 
selected 17 times and rejected 31 times in the 48 pairs 
in which its attainment depends upon satisfying task 
requirement 7» (sorting the cards within 46 or 47 sec.) 
and when choice potential is the dependent variable 


the attainment attractive- 
ness of Candy D and success prob- 
ability is significantly more apparent 
under ego-related and achievement- 
oriented conditions. Again this sup- 
ports Hypothesis 1. Finally, in Table 
2 there is no significant variation in 
the x? 
from 


between 


(AR)(T,T,)(4+—) interaction picture 
ego-related to chance-related 
conditions. 

The analyses for each of the other 
four candies reveal the same pattern 
of x? values as that 
Candy D. 

Hypothesis 2.—Results from Groups 
E, F, G, and H are relevant to 
Hypothesis 2. Detailed presentation 
is made in Table 5 of the results for 
Candy A (lime). 

The x? 
data shows that: x°?(7,7,)(44—) = 11.34 
(d/ = i, p< £001), xX? (EC) (7,7, bend 
= .51 (df = 1,p > .05), x*«aR)(7,,7) 4-) 


reported for 


analysis applied to this 


= 61.76 (df = 1, p < .001), and 
x7 (BC) (AR)(T,T2) 4 y = 1.76 (df ax {, 
p > .05). 

In Table 6 there is a significant 
increase in the proportion of + selec- 
tions (i.e., more of a tendency to 
choose to get Candy A), as the task 
requirement changes from 7; to T: 
(i.e., an increase in the success proba- 
bility associated with Candy A). 
Thus, for conditions considered as a 
whole, there is evidence that the 
choice potential associated with Candy 
A is directly related to success proba- 
bility. This supports Hypothesis 2. 
However, in Table 6, there is no 
significant variation in this x?7,7,)«4-) 
interaction picture over the levels of 
the ego-related, chance-related clas- 
sification, and hence no evidence that 
the direct relationship between the 
choice potential associated with Candy 
A and success probability is signifi- 
cantly less apparent under ego-related 


TABLE 6 


FREQUENCIES OF SELECTION (+) AND Non- 
SELECTION (—) oF CANDY A RELATING 

TO x7(7,73)(44-), X? 

AND x?:4r) 


EC)(T,T3)(+-) 
T,T:)(4+-) 


Choices 


Cendition Total 


Selected 
(+) 


Not 
Selected 
(=) 


T2 113 
T; 


Total 


Ego, T2 

Ego, 7; 
Chance, 7: 
Chance, 7; 
Total 
Achievement, 7 
Achievement, 7; 
Relaxed, 7: 


Relaxed, 7; 


Total 





SUCCESS PROBABILITY AND CHOICE BEHAVIOR 


conditions. This part of Hypothesis 
2 is therefore not supported by the 
results. Table 6 also shows that, 
while there is an increase in the pro- 
portion of + selections from 7 to 72 
under relaxed conditions, the reverse 
happens under achievement-oriented 
conditions. Thus, under achievement- 
oriented conditions for Candy A, the 
relationship between choice potential 
and success probability is no longer 
direct, and, in fact, becomes inverse. 
Hence, there is very definite support 
for that part of Hypothesis 2 which 
states that the direct relationship 
should tend to be less apparent in 
the achievement-oriented situation. 
Finally, in Table 5 there is no signifi- 
cant variation in the x*(4R)(7,7,)4-) 
interaction picture from ego-related 
to chance-related conditions. 

The analyses for each of the other 
four sweets reveal exactly the same 
pattern of x? values with some incon- 
sistency for x? ec)(4r)(7,7,)(4—), this 
value being significant for one of the 
candies (p < .05), and approaching 
significance (p < .10) for two others. 


Analysis of Reasons 


classified for the 
different experimental conditions in 
terms of four categories: P (the 
reason referred to probability of 
attainment), R (the reason referred 
to the attractiveness of the candy), 
A (the reason referred to achievement 
factors) and M (a mixture of the 
above). Sutcliffe’s (1957) extension 


Reasons were 


of the x? analysis was again applied 
to the data, separate analyses being 
made for reasons bearing on Hypoth- 


esis 1 and reasons bearing on Hypoth- 
esis 2.5 The results are in general 

*Complete tables of frequencies of the 
four categories of reasons for each condition 
in the experiment have been deposited with 
the American Documentation Institute. Or- 
der document No. 6025, submitting $1.25 for 
photo prints or $1.25 for microfilm. 
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Note—Table 7 is to be read as follows: For Group 
A, 7 Ss who selected the 7; or less likely candy on the 
first or verbal occasion changed to choice of the 7s or 
more likely candy on the second or 


actual occasion 
agreement with the assumptions in- 
volved in the hypotheses. For ex- 
ample, wishing to get the difficult is 
most often explained in terms of 
“wanting to do well” (an A type of 
reason), while choosing the easy is 
generally explained in terms of the 
probability of success, ‘‘the easy one 
to get”’ (a P type of reason). 


Analysis of Actual Choice 


For the pair of candies used, one 
can compare S’s selection in the first 
or verbal situation with his choice in 
the second or actual situation, other 
conditions remaining the same. For 
each group the significance of change 
from one situation to the 
tested by the binomial expansion 
Since it is predicted that 
in selection under actual conditions 
should tend to be in the direction of 
choice of the 7» or easier alternative, 
a one-tailed the 
significance values are from 
Siegel (1956, p. 250). 

The _ results 
Table 7. 

Table 7 shows that all changes are 
significant for Groups A, B, C, and 
D. For the 


other is 


changes 


and 
taken 


test is used, 


are summarized in 


these groups over-all 
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change is from a situation involving 
a statement of wishes 
attainment, to which S is 
actually committed to his choice. 
Under these circumstances there is a 
tendency to change to the choice of 
the 7: or more likely candy in the 
actual situation, and this is in line 
with expectation. 

kor Groups E, F, G, and H, choice 
potential is the dependent variable in 
both verbal and actual situations. 
Hence, for each of these groups, the 
changes in selection may be directly 
related to the verbal-actual difference. 
The changes are significant for Groups 
E and F, but are not significant for 
Groups G and H. 


concerning 
one in 


Groups E and F 
are similar in that each is associated 
with achievement-oriented conditions. 
It would seem that, for these groups, 
there is evidence for a greater concern 
about the probability of attainment 
when the choice becomes more actual. 
Choice is more in the direction of the 
easier alternative and this is in line 
with expectation. As against this, 
when relaxed conditions are common, 
as for Groups G and H, it would seem 
that S’s choice in the actual situation 
is likely to correspond to his choice 
in the verbal situation, the predomi- 
nant tendency under both conditions 
being to choose the easier alternative. 


DISCUSSION 


Within the scope of this investigation, 
these results generally support Hypoth- 
and 2. 
greater tendency to wish to get a goal 
object as its attainment becomes sub- 
jectively Jess likely in a situation where 
commitment is 


eses 1 There is evidence for a 


absent, and a greater 
tendency to choose to get a goal object 
as its attainment becomes subjectively 
more likely in a situation where 
mitment to the choice is implied. 


com- 
These 
relationships are also seen to be related 
to situational context. The reasons 
given by Ss for their selections indicate 


FEATHER 


the importance for them of goal object 
attractiveness, achievement values, and 
the constraint of success probability as 
factors affecting their decisions in the 
different situations. Finally, the 
straining effect of success probability 
on choice behavior under commitment 
conditions becomes particularly apparent 
in a situation where, in fact, S has to 
act upon his choice. 

The results of this study 
related to five theoretical discussions 
in the literature: (a) the analysis of level 
of aspiration behavior by 
(1944), 
of the 
Rotter’s 
tionships 


con- 


may be 


Lewin et al. 
(b) Tolman’s (1955) discussion 
principles of performance, (c) 
(1954) discussion of the rela- 
between his 
of behavior potential, reinforcement 
expectancy, in his social 
learning theory, (d) decision models by 
Edwards (1955) and by 
Beardslee (1954) which involve the 
concepts of utility and subjective prob- 
ability, and (e) Atkinson’s (1957) analy- 
sis of risk-taking behavior. In these 
analyses from different areas of research, 
we find that similar types of concept are 
used and that they are related in similar 


basic concepts 


value and 


Coombs and 


types of equation. 

The inverse relationship of Hypothesis 
1 is consistent with the inverse relation 
ship between positive valence of success 
ful attainment and subjective proba- 
bility in the analysis of level of aspiration 
behavior by Lewin et al. (1944, pp. 360 
361). It Atkin- 


is also consistent with 


son's (1957) inverse relationship between 


value of achievement and 
subjective probability. It is, however, 
contrary to Rotter’s (1954, p. 107) 
assumption that reinforcement value 
and expectancy are independent, and 
to the similar assumption implied by 
Edwards (1954, p. 400) and made by 
Coombs and Beardslee (1954, p. 263), 
that the utility and 
values on the scale of subjective prob- 
ability are unrelated. It should be 
noted that decision-theoretical models 
have, to date, been mainly concerned 
with gambling-type situations (chance 
related) which, in the language of deci- 
sion theory, are situations of risk rather 


incentive 


values on scale 
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than uncertainty (the assumption being 
that personal endeavor cannot affect 
the outcome). Decision situations where 
personal endeavor can affect the outcome 
(as in our ego-related situation) are, 
however, important and common situa- 
tions in everyday life and need detailed 
Recently Dréze (1958) has 
attempted to extend decision theory 
in this direction. It is worth noting 
that the the present study 
suggest that the independence assump- 
tion may be an oversimplification for 
chance-related achievement 
values related to difficulty also general- 
izing to Atkinson (1957, pp. 
370-371), in his analysis of risk-taking 
behavior, makes a similar point. 

The inverse relationship also helps to 
clarify an early hypothesis investigated 
by Wright (1937) and followed up in a 
number of related studies (Irwin, Armitt, 
& Simon, 1943; Child, 1946; Filer, 1952) 
that the interpolation of a barrier tends 
to enhance a positive valence. 


analysis. 


results of 


situations, 


these.. 


It places 
Wright's proposition in an operational 
framework by 
conditions under which 


specifying some of the 
‘distant fields” 
may be look “greener.” 
These when “distant” 
is defined in terms of success probability, 
when the “greenness”’ refers not to the 
fields per se but to their attainment, 
and as the situation becomes more ego- 
related and achievement-oriented. 

The direct relationship of Hypothesis 


assumed to 
conditions arise 


2 is in line with the assumed constrain- 


ing effect of subjective probability in 


the Lewin et al. (1944) and Atkinson 
(1957) models, with the effect of expecta- 
tion in Tolman’s (1955, p. 320) equation, 
Rotter’s (1954, p. 108) direct 
relationship between behavior potential 


with 


and expectancy, and with the assumed 
effect of subjective probability in the 
decision models of Coombs and Beards- 
lee (1954, Pp 262 Edwards (1955, 
p. 201). In the analysis the 
relationship is seen as complex, since 


and 
present 


choice potential is also assumed to be 
related to which 
taken as a 


values 
the success 
the goal 

Hence, 


achievement 
are function of 
associated with 


object, and situational context. 


probability 
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as the results show, the relationship 
between choice potential and 
probability is affected by the type of 
situation in which the choice is made, 
and, in fact, under achievement-oriented 
conditions, committed choice is seen to 
move in the direction of wishful choice. 
In conclusion, the results of this study 
show the complex role of success prob- 
ability in the defined choice situation, 
and underline the dangers of formulating 
theories of choice behavior in vacuo 
without regard to the type of situation 
in which the choice occurs, or the way 
in which the 
particularly the extent to 
involves commitment. 


success 


choice is’ structured, 


which it 


SUMMARY 


The effect of varying S’s subjective prob- 
ability of attainment in a choice situation 
involving different goal objects was deter- 
mined for chance-related 
situational conditions, and for achievement- 
oriented vs. relaxed situational conditions, 
with attainment attractiveness (defined in 
terms of S’s stated wishes with respect to 
attainment, in a situation free from commit- 
ment) and choice potential (defined by a 
stated choice in a situation implying com- 
mitment) as dependent variables 

A factorial design was employed in which 
the goal presented by the 
method of paired with the 
following major results: (a) The attainment 


ego-related vs 


objec ts were 


comparisons, 


inversely 
related to the associated success probability 


attractiveness of a goal object is 
for all conditions combined; this relationship 
is more apparent in ego-related and achieve- 
ment-oriented situations than in chance 
related 
choice potential associated with a goal object 
related to the associated success 


probability for all 


and relaxed situations b) The 
is directly 
conditions combined 
This relationship is in the opposite direction 
for the 


significant 


achievement-oriented situation; no 


differences are found between 
ego-related and chance-related situations for 
this relationship. (c) The reasons given by 
Ss for their selections are generally consistent 
with the assumptions involved in the hypoth 
eses d 


An analysis of choice in an actual 


situation, when compared with the previous 


selection in the main experiment, shows a 
tendency to change in the direction of choice 
of the more likely candy, but 


potential is the common dependent variabk 


where choice 
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this depends upon whether the situation is 
achievement-oriented or relaxed. 

The results are related to current theo- 
retical analyses involving similar concepts. 
It is suggested that theories of choice be- 
havior should take account of the situational 
context in which the choice occurs and 
the extent to which the choice involves 
commitment. 
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STIMULUS CORRELATES FOR THE JUDGED 
ILLUMINATION OF A SURFACE! 


JACOB BECK 


University of Pennsylvania 


A widely accepted view makes the 
evaluation of illumination (conscious 
or unconscious) a necessary condition 
for lightness constancy. However, 
explanations of constancy have been 
offered which do not involve, and 
even cast doubt on, the impression 
of illumination as a factor (Helson, 
1943 ; MacLeod, 1947 ; Wallach, 1948). 
An alternative view is to suppose that 
the impression of illumination is not 
a condition for constancy, but a 
parallel phenomenon accompanying 
it. According to this view, stimuli 
complex enough to give rise to the 
perception of a surface would contain 
both correlates for the impression of 
the illumination and lightness of the 
surface. Correlates for surface light- 


ness have been proposed by several 
investigators (Helson, 1943; Wallach, 


1948). The judgment of illumination 
has, however, seldom been specifi- 
cally studied (Galli, 1931; Gates, 
1915; Kardos, 1934; Kruger, 1924). 
Except for the experimental work 
in connection with disproving Buh- 
ler’s hypothesis—that the basis for 
the judgment of illumination is the 
light reflected by dust particles in the 
air (Katz, 1935, pp. 269-271)—little 
or no direct research has been done 
on the problem of how we judge the 
illumination of a surface when the 
light source is not visible. 


1 The first three experiments reported here 
are taken from a thesis presented to the 
faculty of the Graduate School of Cornell 
University for the degree of Doctor of Philos- 
ophy. The investigation was supported by a 
fellowship, MF 6201, from the Public Health 
Service. The author wishes to thank James 
J. Gibson for his encouragement and advice. 


The experiments to be reported 
explore how the judged illumination 
of a single surface varies with its 
illuminance. To avoid the complica- 
tions of a complex or familiar texture, 
the experiments were all conducted 
with surfaces which may be described 
as either “speckled,” “‘spotted,’’ or 
“striped.”” These surfaces are ex- 
amples of a class of surfaces which 
may be described as having a clearly 
perceptible pattern texture composed 
of two different lightnesses. They 
can be specified optically as consisting 
of an array of light composed of a 
clearly perceptible pattern of two 
different intensity levels. Wallach 
(1948) has shown that a surface color 
will appear even when such light 
arrays are restricted to two neigh- 
boring regions of different light inten- 
sities. The surface lightness in that 
case is determined by the ratio of the 
lower to the higher intensity, the 
higher intensity always being seen 
as white. The present experiments 
sought to determine for surfaces with 
a clearly perceptible pattern texture 
composed of two different intensities 
(a) whether Os can make consistent 
judgments of surface illumination, 
and (b) whether variables can be 
found in the light array which will 
specify Os’ judgments of illumination. 

Two hypotheses were tested: (H;) 
The judged illumination of a surface 
is determined by. the higher of the 
two intensities of the light coming 
from the surface. (H.) The judged 
illumination of a surface is 
mined by the average intensity of the 
light coming from the surface. 


deter- 
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METHOD 
General Procedure 


The experiments required Os to adjust 
illuminance on a comparison surface until 
its illumination was judged as the same as 
that of a standard surface while simultane- 
ously viewing each with monocular vision 
and a motionless head in a completely dark 
room. The standard and comparison sur- 
faces differed in lightness and were placed 
so that neither shadows nor highlights were 
present. The distinctness of the pattern 
texture was not affected by increasing the 
illumination. 

After being seated before the viewing 
apertures O was told: (a) the distinction be- 
tween the lightness of a surface and its 
illumination; (6) that the illumination on the 
standard surface would be fixed; (c) that his 
task was to adjust the illumination on the 
comparison surface until it appeared equal 
to that of the standard; (d) that he should 
first make a gross match, and then make fine 
adjustments around that setting; and (e) 
that there was no time limit for the task. 
For each intensity level of the standard, O 
made 10 separate matches (except for Exp. 
IV where seven matches were made). The 
E alternately set the illumination on the 
comparison surface to a point obviously too 
low or too high. Each O was dark adapted 
for 3 min. before the experiment, and ap- 
proximately 1.5 min. elapsed between each 
of the 10 matches made. The Os were given 
several practice judgments. 

At the conclusion of the illumination 
matches the illumination on the standard 
surface remained at the value used in the 
experiment and the illumination on the 
comparison surface was set at the median 
of O’s matches. The O was then asked to 
match the lightness of the comparison and 
standard surfaces with a chart of 12 Hering 
grays which varied in reflectance from 8% 
to 78%. The chart was illuminated by a 
25-w. bulb which was turned on after O viewed 
the stimulus surface. Four different charts 
were prepared, each consisting of the same 12 
gray samples arranged in a different order. 
When Os made more than one lightness 
judgment of a surface, different charts were 
used. Systematic judgments of surface light- 
ness were not obtained in Exp. IV. 


Observers 


In Exp. I, I], and III the Os were graduate 
and undergraduate students at Cornell Uni- 
versity. In Exp. IV, the Os were under- 


graduate students at the 
Pennsylvania. All had 
correction and were 
hypotheses. 
used. 


University of 
normal with 
naive regarding the 
In each experiment 15 Os were 


vision 


Experiments I and II 


Apparatus.—The apparatus consisted of 
two viewing boxes fitted with iris diaphragms 
and placed so that O could look through one 
with each eye when placing his head in a 
head rest located directly in front. Trans- 
parencies placed over sheets of milk glass 
which were illuminated from behind served 
as the standard and comparison surfaces.* 
These were placed in two 3 X 1}-in. rec- 
tangular slots located at the back of each 
viewing box and were approximately 26 and 
22 in. from O’s eyes. A light box containing 
a 375-w. photoflood lamp was centered 
directly behind the milk glass in each viewing 
box. The lamps were connected to two 
variacs which controlled the intensity of the 
illumination on the comparison and standard 
surfaces. Both variacs had graduated scales 
running from 0 to 100 which were covered by 
masks. A blue filter was mounted in front 


of each light box which was effective (except 
for variac settings which were greatly below 
the levels of illumination used in the experi- 


ments) in minimizing, but not in eliminating 
changes in the color of the light due to change 
of current. The viewing and light boxes were 
encased in wood and covered by black cloth 
for lightproofing. A voltage regulator was 
used to keep the line voltage constant. 
Illumination measurement.—All measure- 
ments of illumination were made from the 
comparison and standard sheets of milk glass 
with a Luckiesh-Taylor brightness meter. 
The raw data of the experiments were num- 
bers from 30 to 100 taken directly from O's 
settings of the variac. The intensities in 
foot-Lamberts corresponding to these num- 
bers were found by plotting a graph of foot- 
Lamberts vs. variac settings. The brightness 
of the milk glass in the comparison viewer was 
measured (at 11.5-v. intervals) between 
variac settings of 30 and 100. Since the 
percentage lumen output of a bulb as a func- 
tion of voltage is independent of the age of 


2 The texture patterns of the surface were 
too small for the light reflected from them 
to be measured with a brightness meter. 
However, the light transmitted by the sur- 
faces could be measured by a densitometer. 
For this reason, transparencies which were 
illuminated from behind were used in Exp. 


I and II. 
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Exp. I, II, II, and IV 


the bulb, 
between 
varia 


changes in the correspondence 
brightness of the milk glass and 
settings resulting from aging of the 
bulb can be accounted for by converting the 
graph of foot-Lamberts vs settings 
into a graph of percentage foot-Lamberts vs 
percentage 
this, setting yielding 115 \ 
taken as the variac setting standard, 


variac 


variac settings. In order to do 


the variac was 
and the 
brightness in foot-Lamberts of the milk glass 
at this setting was taken as the 
standard. 


brightness 
Changes in the illumination of the 
different variac 
as a result of bulb aging was then 
determined by measuring the brightness of 
the milk glass at 115 v. (the standard varia 
setting) and multiplying it by the percentage 
brightness figures. The illumination of the 
standard checked by directly 
brightness of the 
on which it was placed. 


comparison surface for 


settings 


surface was 


measuring the milk glass 
After every three 
Os (except for four times after four and once 
after five) the foot-Lamberts corresponding 
to the settings of the two variacs were checked 
and adjustments for bulb aging made when 
At least five readings were taken 
in every measurement of the illumination. 


necessary. 


Illustrations of the standard 


EXPERIMENT i] 
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Ba xs 
PTB LEER “To KO Os 
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COMPARISON 
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and comparison surfaces employed in 


Hori 


izontal lines indicate gray 


Stimuli for Exp. I.—The 
used as the standard and sur- 
faces in Exp. I are illustrated in Fig. 1 and 
their area was approximately 50% 
50% dense. The 


to Os as gray 


transparencies 
comparison 


clear and 
standard surface 
with white 


appeared 
speckles, and the 
comparison surface appeared as black with 
white speckles 

rhe transmittances of the clear portion 
of the standard and comparison transparen 
cies were the same 92% The portion 
on the standard transparencies transmitted 
35% of the light and the dense portion on the 
1.6% rhe 
transmittance of the 
transparency was 1.35 
great as that of the comparison transparency 
The calculated checked photo 
metrically and found to correspond to the 
measured average brightness 
illumination were used; the brightness of the 
milk glass was set at 1.1 and 3.2 ft-l Thus 
according to H,, O should adjust the illumina- 
tion incident on the comparison transparen- 
cies to 1.1 and 3.2 ft.-L.; H» would predict O 
should adjust the illumination 
the comparison 


4.32 ft.-L 


de nse 


comparison transparency only 


calculated average 
standard times as 


value was 


Iwo levels of 


incident on 
transparencies to 1.49 and 
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Stimuli for Exp. II.—I\n Exp. II the per- 
centages of the dense and clear areas compos- 
ing the comparison transparency were changed 
(see Fig. 1). The standard transparency was 
the same as that of Exp. 1. The comparison 
transparency was a spotted pattern consisting 
of circles .04 in. in diameter and was approxi- 
mately 78% dense and 22% clear. The 
transmittances of the dense and clear portions 
of both transparencies were the same as in 
Exp. I. Thus, the higher transmittance of 
the standard transparency was the same as 
that of the comparison transparency; the 
average transmittance of the standard 
transparency was photometrically determined 
to be 3.34 times the total transmittance of the 
comparison transparency. Two levels of 
illumination were used: 1.1, and 3.2 ft.-L. 
H, would predict that the illumination inci- 
dent on the comparison transparency should 
be set by Os at 1.1 and 3.2 ft.-L.; He would 
predict settings at 3.67 and 10.68 ft.-L. 


Experiment III 


In Exp. III, as in Exp. II, the hypothesis 
was tested with a spotted surface. However, 
instead of using transparencies with the light 
coming from behind, opaque surfaces were 
used with illumination coming from the front. 


Apparatus and stimuli.—The standard and 


comparison surfaces were black and gray 
pieces of cardboard on which white circles 


} in. in diameter had been painted. The 


reflectances of the gray and white, and black 
and white areas composing the standard and 
comparison surfaces were 22.5% and 83%, 
and 8.8% and 83%, respectively. On both 
the standard and comparison surfaces, the 
white area composed 10% of the surface. 
Thus, the calculated average reflectance of 
the standard surface was 3.26 times that of 
the comparison surface ; the higher reflectances 
of both surfaces were the same. 

The surfaces were placed against the back 
wall of a completely enclosed large rectangu- 
lar box which had been divided in the center 
by a beaverboard partition. Two circular 
apertures { in. in diameter were cut from the 
front side of the box 49 in. from the back 
wall. A partition placed perpendicular to 
the front of the box and between the two 
viewing apertures extended 24 in. into the 
room. The O sat with his forehead against 
the partition so that he could see 3 X 3 in. 
sq. areas of the comparison and standard 
surfaces looking with one eye through each 
aperture. A small fixation point was placed 
in the center of each of the areas. 

The comparison and 


standard surfaces 


BECK 
were illuminated by matched projectors 
placed directly in front of them below the 
line of sight. A voltage regulator, variacs 
to control the intensity of illumination, and 
filters to minimize color temperature changes 
were again used. The illumination incident 
on the comparison and standard surfaces 
was measured by taking photometer readings 
from a large sheet of cardboard painted with 
the same white as the spots and placed at 
their position on the back wall. Thus, all 
measurements of illumination referred to the 
intensity of the light reflected by the white 
spots. Two levels of illumination were used: 
1.1 and 3.2 ft.-L. Thus, according to H, 
the illuminance on the comparison surface 
should be adjusted to 1.1 and 3.2 ft.-L., 
and according to H, the illuminance should 
be adjusted to 3.58 and 10.43 ft.-L. 


Experiment IV 


In Exp. IV the intensity of the illumina- 
tion was changed by the addition and sub 
traction of individual light bulbs; thus, the 
color temperature was kept constant. 

Apparatus and stimuli.—The standard and 
comparison surfaces were gray and black 
pieces of cardboard on which had been pasted 
three strips of white cardboard each } in. 
wide. The area visible to O was 14 in. X 20 
in. The white area composed 6.2% of both 
the standard and comparison surfaces. The 
gray cardboard reflected 6.4 times as much 
light the black cardboard. Thus, the 
calculated average reflectance of the standard 
surface was 3.61 times that of the comparison 
surface. The higher reflectances of both 
surfaces were the same. 

Illumination on the standard and com- 
parison surfaces was provided by two light 
boxes, each consisting of 100 6-w. bulbs. By 
operating a motor which moved a beveled 
plate against a series of microswitches, O was 
able to turn on and off the individual bulbs of 
the light box illuminating the comparison 
surface. The box was wired that the 
intensity could be varied in 40 steps from 
.33 ft.-c. to 12.35 ft.-c. The sound of the 
motor and of the opening and closing of the 
microswitches was muffled by padding. 

The standard and comparison surfaces 
were set 93 in. from the light boxes in two 
adjacent lightproot compartments which 
had been divided in the center by a heavy 
cloth partition. A partition placed perpen- 
dicular to the front of the compartments 
extended 20 in. into the room. In addition 
to seeing the surfaces, Os could also see flat 
black curtains hanging on a wall 62 in. away. 


as 


sO 
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TABLE 1 


MEDIANS OF Os ILLUMINATION MATCHES 


Exp. I Exp. II Exp. III 


Measure 


Exp. IV 


1.1 ft.-L. | 3.2 ft.-L. 


Median illum. 
matches 

Confidence 
intervals 

Range 


1.15 3.21 


959-1.35 


2 
840-1.45 | 1 


Ail measurements of illumination again refer 
to the intensity of the light reflected by the 
white stripes. The standard surface illumi- 
nation was 2.88 ft.-c. Thus, according to H,, 
the illuminance on the comparison surface 
should be adjusted to 2.88 ft.-c.; and ac- 
cording to Hz, the illuminance should be 
adjusted to 10.4 ft.-c. All measurements of 
illumination were taken with a Macbeth 
illuminometer. 


RESULTS 


Table 1 shows for each experiment 
and condition the median for the 
sample, a 96.5% confidence interval 
for the sample, and the range of 
medians for individual Os. The con- 
fidence interval was obtained by 
taking the fourth and twelfth of 
individual Os’ medians arranged in 
order of magnitude (Dixon & Massey, 
1957, p. 462). 

Inspection of the table indicates 
that: (a) Os are able to make con- 
sistent judgments of the illumination 
of single surfaces with clearly per- 
ceptible pattern textures, and (0) 


1.1 ft.-L. 


1.17 


.73-3.56 | 1.10-1.42| 2 
.60—3.65 | .829-1.72/ 1 


3.2 ft.-L. 1.1 ft.-L. 


3.2 ft.-L. 2.88 ft.-c 


3.29 1.30 | 3.06 1.89 


4—4.06 | .990-1.73 | 


6 59-3.46 | 1.59-2.81 
.84-4.35 | .710-2.01 


2.5 
1.84—4.87 | 1.32—3.38 


changing the illuminance affects Os’ 
judgments of illumination. The in- 
dividual data showed that all Os 
adjusted the illuminance on the com- 
parison surface higher when the 
standard surface was illuminated with 
3.2 ft.-L. than when illuminated with 
1.1 ft.-L. Table 2, however, shows 
that changing the illuminance had 
little if any affect on Os’ judgments 
of lightness. Except for Exp. III, 
the medians of the reflectances of the 
grays on the Hering chart which Os 
matched as equal in lightness to the 
gray and black areas of the standard 
and comparison surfaces remained the 
same for the two levels of illumination 
used. A median test of the differ- 
ences in lightness obtained in Exp. 
IIl showed that the P values 
the standard and comparison 
faces P < .05 


for 
sur- 
were and P > .10, 
respectively. 

Sign tests comparing Os’ judgments 
in both Exp. I and II, and II and III 


TABLE 2 
MEDIANS OF THE REFLECTANCES MATCHED BY Os AS EQUAL IN LIGHTNESS TO THI 
STANDARD AND COMPARISON SURFACES 


Surface 


Standard 
Comparison 


8% 


Note 


was used 


Systematic judgments of lightness were not obtained in Exp 


Exp. II Exp. III 


3.2 ft.-L. 


07 
32 /O 


8% 19% 


IV since only one level of illumination 
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rABLE 3 


DISTRIBUTION OF Os AMONG 
ALTERNATIVE HYPOTHESES 


Exp. 1 | Exp. I] | Exp. III) Exp. IV 


H, 
Neither H, 
nor H, 


were not significant. Onecan therefore 
conclude that the judged illumination 
of a smooth speckléd surface is not 
affected (within the limits tested) by 
the percentage of light and dark 
areas or by whether the light 
physically reflected or transmitted. 

Test of hypotheses—The assump- 
tion is made that if either H, or He is 
true, then the values predicted should 
be the medians of the judgments made 
by each O. To test whether an O's 
medians differ significantly from the 
predicted values a confidence region 
was constructed. The probability is 
97.9% that an O's true median will 
be contained within the interval 
formed by taking the second and 
ninth of an O’s 10 judgments ar- 
ranged according to magnitude (Dixon 
& Massey, 1957, p. 462). Given two 
independent sets of 10 judgments 
each, the probability is therefore 
98.4%, or (.979)*, that the true 
medians of these sets will be contained 
within their 


In 


1S 


confidence 


and III, 


respective 


intervals. Exp. I, II, 


H, or He was accepted if the values 
which they predicted were contained 


within an O’s confidence intervals. 
(To take an example: In Exp. I, 
H, was accepted for O,; and He was 
rejected because both predicted values 
of H, (1.1 and 3.2) 
within the confidence 
tained by taking the and 
ninth of O's ordered judgments (.979 
1.40, and 2,54—-3.85) while the values 


were contained 
intervals 
second 


ob- 
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predicted by H» (1.49 and 4.32) were 
not. Both H, and He were rejected 
for O. because neither 1.1 and 3.2 
nor 1.49 and 4.32 were contained 
within their respective confidence 
intervals (.750-.979, and 1.40—2.15).) 
The test is very favorable to H, and 
H, since it minimizes the Type | 
error. A similar test with a proba- 
bility of 98.4% was constructed 
for Exp. IV by taking the first and 
seventh of O's ordered judgments. 

Table 3 shows that H, was accepted 
7 times in Exp. I, 4 times in Exp. II, 
3 times in Exp. III, and 8 times in 
Exp. IV; He was accepted once in 
Exp. | and in none of the other experi- 
ments; both H, and Hy, were rejected 
7 times in Exp. I, 11 times in Exp. II, 
12 times in Exp. III, and 7 times in 
Exp. IV. 

The results fail either 
H, or He. However, inspection of 
Table 1 indicates that Os’ judgments 
tend to fall closer to the values pre- 
dicted by H, than Hy The sample 
confidence intervals in Exp. I, II, 
and III contain the values predicted 
by H, but not by Ho. 

In Exp. I, III, and in particular, 
IV, the median illumination matches 
made by several Os were significantly 
below the objective illumination of 
the standard surface. A_ possible 
explanation is that the enhanced 
impression of illumination occurred 
because of the greater lightness dif- 
ferences present on the comparison 
surfaces. Support for the possibility 
of the operation of a kind of “‘illumi- 
nation contrast’ was given by two 
Os in Exp. |. They first adjusted 
the illumination on the black speckled 
comparison surfaces significantly be- 
low that of the gray speckled stand- 
ard; however, when the standard and 
comparison were reversed, 
they adjusted the illumination on the 
now gray speckled comparison sig- 


to support 


surfaces 
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nificantly above that of the black 


speckled standard. 


DISCUSSION 


Possible correlates for the judged 
illumination of the surfaces investigated 
are: (a) the higher intensity coming 
from the surface, (6) the lower intensity, 
(c) the average intensity, (d) the total 
intensity, (e) a weighted average of the 
higher and lower intensities. All change 
with surface illuminance and can serve 
as indicators of it. (Since the areas 
of the standard and comparison surfaces 
were the same, matches based on equat- 
ing the average would be 
identical to matches based on equating 


intensities 


the total intensities and the experiments 
cannot distinguish between them.) 

The results are not consistent with 
any of the first four hypotheses. (A 
match equating the lower 
intensities have required O to 
raise the illumination on the comparison 
surfaces considerably above the values 
predicted by H. while Os’ actual matches 
consistently fell below the values pre- 
dicted by He.) Generally, Os’ judg- 
ments tended to fall closer to the values 
predicted by H, than Ho». Individual 
differences which occur make it difficult 
to determine the basis for O’s judgments. 
They may have been determined by a 
weighted average of the lower and higher 
intensities. 


based on 
would 


However, personal biases 
undermatch), 
and the fact that adaptation could be 
only roughly equated may account 
for some of the deviations from H;. No 
consistent trends in Os’ judgments were 
with the time spent in the 


Another possibility is that there 


(a tendency to over- or 


observed 
dark. 
is no single correlate for all Os. 
a number of 


Since 
stimuli may indicate il- 
different Os 


differently to thém. 


luminance, may respond 
The results of the experiments need 
to be qualified. It is likely that with 


different kinds of surface textures, dif- 


ferent variables will correlate with judged 


illumination. 
the surfaces 


Another limitation is that 


used possessed no micro- 


structure and, in addition, had been 


-a surface. 


placed so that neither shadows nor high- 
lights were present. Changes in illumi- 
nation were thus indicated only as a 
change in the brightness of the surface, 
i.e., a change in its intensive appearance. 
Ordinarily, however, illumination is also 
indicated by highlights, shadows, edge 
gradients, etc. (Evans, 1948). The 
matter is further complicated by the 
fact that judgments of surface illumina- 
tion also seem to be influenced by the 
spatial arrangement of neighboring sur- 
faces in the visual field (Kardos, 1934). 
Consequently, the results reported can- 
not be generalized beyond the simplified 
conditions of the experiments. 

The results suggest the possibility of 
independently specifying the correlates 
for both the judged lightness and il- 
lumination of a surface. Kardos (1929) 
makes the assumption that only when 
visual experience is doubly determined 
(correlates for both judged illumination 
and lightness are present) can O dis 
tinguish between a change in the illumi- 
nation and a change in the reflectance of 
The view suggested is that 
the judgments of lightness and surface 
illumination are direct corollaries of the 
perception of a surface. Stimuli com- 
plex enough to give rise to the perception 
of a surface will contain correlates for 
the judgment of both the lightness and 
illumination of the A knowl 
edge of these correlates would permit 


surtace. 


specification of those conditions where 
changes in either the objective illumina- 
tion or the reflectances of the surfaces 
in the visual field would (a) leave judg 
ments of lightness constant (lightness 


constancy), (b) leave judgments of 
(illumination con 
stancy), or (c) change both judgments 


of lightness and illumination. 


illumination constant 


SUMMARY 
\ series of studied an O's 
ability to compare the illumination of 
surtaces ol 


experiments 
two 
different The O was 


given the task of adjusting the illuminance on 


lightness 


a comparison surface until its illumination was 
the same as that of a standard surface. A 
binocular technique 


matching using an 


adjustment method was employed with the 
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standard and comparison surfaces being 
viewed simultaneously, each with monocular 
vision and a motionless head, in a completely 
dark Iwo hypotheses were tested: 
(a) The perceived illumination of a surface 
is determined by the higher intensity of the 
light coming from the surface. (b) The per- 
ceived illumination of a surface is determined 
by the average intensity of the light coming 
from the surface. The specific hypotheses 
were not supported. The Os were, how- 
ever, able to make consistent judgments of 


illumination. 


room. 
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TIME ESTIMATES AS AFFECTED BY MOTIVATIONAL 
LEVEL, GOAL DISTANCE, AND 
RATE OF PROGRESS! 


ROBERT D. 


MEADE 


Trinity College 


Most studies of time estimates have 
ignored the possible effects of motiva- 
tional conditions on this process. 
William James (1890) suggested that 
motivation to have time pass influ- 
ences the speed of apparent time 
passage, but he reports no experi- 
mental data on this question. Filer 
and Meals (1949) have offered support 
for James’ contention, but very few 
other studies have attempted to 
examine the role of motivation on 
subjective time. 

A study by Hindle (1951) at- 
tempted to demonstrate that time 
estimates are directly related to 
perceived distance travelled through 
a task and inversely related to per- 
ceived rate of progress. In testing 
her hypotheses, Hindle assumed that 
as an S proceeds through a task, he 
perceives his rate of progress to be 
increasing. Thus, with this assump- 
tion, time estimates do not increase 
as rapidly near the goal as they do 
far from the goal. One aspect of the 
present investigation was the testing 
of this hypothesis in what was believed 
to be a more direct way. 

The present investigation also at- 
tempted to handle 


two additional 


problems which were suggested by 


the Hindle study. Concerning the 
first. of these, Hindle spoke of her 


' Based on a dissertation in psychology 
presented to the Graduate School of the 
University in partial ful- 
fillment of the requirements for the degree 
Doctor of Philosophy The writer is in- 
debted to Francis W. Irwin for his valuable 
assistance during the conduct of 
tigation. 


of Pennsylvania 


this inves 


Ss as proceeding through a_ task 
toward a goal and assumed that her 
equation applied only where her Ss 
had some definite end point to the 
task on which they were working. 
The use of the term “goal’’ would 
seem to imply that 


factors were involved. 


motivational 
The following 
formulation will attempt to explain 
how motivation to reach the end 
points of a task could be involved 
in Hindle’s study. 

In a situation where S is motivated 
to reach the end of a task, each unit 
completed will be regarded as being a 
significant advance toward that goal 
and he will see himself as making 
progress. On the other hand, in a 
situation where S is not motivated to 
reach the end of the task, each com- 
pleted unit will not be regarded as 
having significance for him. Conse- 
quently, Ss under the latter condition 
will have no appreciation of progress 
toward the end of the task. It is 
therefore predicted that time 
mates will be unaffected by changes 
in rate of locomotion toward the end 
task if there is no motivation 
to reach the end of that task. 

Secondly, Hindle predicted that the 
effect of rate of would be 
noticeable only for the latter portion 
of the task where Ss have moved 
close enough to the goal for it to 
become an factor. This 
prediction, she said, depends on the 


esti- 


of a 


progress 


effective 


assumption that a goal is more attrac- 
tive 
ments such as 
(1928), Brown 


the closer S is to it. Experi- 
Ovsiankina 


1942b), 


those of 


(1942a, 


and 
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Fajans (1933) have shown that cer- 
tain properties of behavior vary as a 
function of from a_ goal. 
The presence or absence of motivation 
to reach a goal will determine whether 
there is a gradient of attractiveness 
for that point in the task. Conse- 
quently, it was predicted that time 
estimates will be unrelated to goal 
distance when there is no motivation 
to reach the end of a task and directly 
related to goal distance when there 
is goal motivation. 

In summary, the following hypoth- 
were When objective 
time is constant: (a) perceived dura- 
tion for Ss not motivated to reach 
the end of the task is unrelated either 
to perceived rate of locomotion or to 
distance from the end of the task; 
(b) perceived duration for Ss 


distance 


eses tested. 


mo- 


tivated to reach the end of the task 
is inversely related to perceived rate of 
and directly 
distance from the goal. 


locomotion related to 


METHOD 
Design 


rhis experiment used a factorial design 
with three independent variables——perceived 
rate of progress, strength of motivation to 
finish a task, and goal distance. There were 
two levels of the progress and motivation 
variables and three levels of goal distance. 
rhe dependent variable was estimate of time 
on a task when the objective time was always 
6 min. 


Subjec ts 


The Ss 120 male college students 
from Trinity College and the University of 
Pennsylvania 


were 


A pparatus 


The apparatus was a stylus maze with 45 
blind alleys and 25 choice points, a blindfold, 
and an electric timer. In addition, for 
reasons given below, several other pieces of 
psychological apparatus were grouped around 
the laboratory. room, on a table and on the 
window sill. 
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Control of Independent Variables 


Motivation.—An attempt was made to 
bring about two levels of motivation through 
administration of different sets of instructions 
to two experimental groups. In the low- 
motivation group, Ss were told that they 
would have to spend over two hours working 
on tedious, routine, and boring tasks, and 
that nothing they did would shorten the 
total time they would have to spend. They 
were further told that no matter how well 
they performed, the total time could not 
be shortened. It was assumed that instruc- 
tions of this kind would produce a low degree 
of motivation, or lack of motivation, to finish 
the first task, which was the only one they 
actually worked on. Subjects in the high- 
motivation group were told the same thing 
as Ss in the low-motivation group, except 
that they were told that if they performed 
well on the first task, they would be excused 
from working on most of the other tasks 
which were in view around the laboratory 
room. It was assumed that motivation to 
reach the end of the first task would be high 
after these instructions. At the conclusion 
of the experiment, each S checked a rating 
scale intended to give post hoc indication of 
his motivation te finish the first task. Only 
Ss who checked that they “did not 
whether they finished the task 
retained in the low-motivation group and 
only those Ss who checked that they ‘‘wanted 
to finish very badly’ were retained in the 
high-motivation group. These discarded Ss 
were then replaced with others who met the 
stated criteria. 

Rate of progress.—All Ss were told that 
there was a given number of regions in the 
maze on which they were to work while 
blindfolded and that each of these regions 
could be entered in several ways. Rate of 
progress was controlled by giving S informa- 
tion verbally about how he was advancing 
from region to region in the maze. After 
each successive trial, Ss in the rapid progress 
group told that they had 
either one or two regions beyond their per- 
formance on the previous trial. These scores, 
as well as the scores in the low-motivation 
group were contrived and prearranged by E 
and did not represent S’s true performance. 
They were used only to suggest to S how he 
was progressing to the goal. The Ss in the 
slow progress group were told on half of their 
trials that they had advanced one region 
further and on the other half that they had 
advanced no further. For the last three 
trials of this group, Ss were told that they 


those 


care” were 


were advanced 
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had gone no further than on the previous 
trial. In addition, on alternate trials, Ss 
were told that they were progressing either 
rapidly or slowly, depending on the group 
to which they belonged. In this way, it was 
intended that Ss would perceive themselves 
moving either at a slow or rapid rate toward 
the end of the task. 

Goal distance.—It was intended that at the 
end of the experimental session, Ss would 
either 20%, 50% or 80% 
of the experimental task, thus leaving 80%, 
50% or 20% of the total distance remaining. 


have traversed 


In order to cause Ss to appear to go the 
same distance in the same time but at differ- 
ent rates, the total number of regions which 
S was told was in the maze and the number of 
regions he was told he had traversed were 
The 
Ss in some of the groups were told that the 
maze was differentiated into more subregions 
than for the other grotips. Where rapid 
progress was to be perceived, there were more 
subregions in the maze but there was steady 
and rapid advancement through 
where slow progress 


varied from one group of Ss to another. 


these re- 
gions ; was to be per- 
ceived, the same maze was represented as 
being divided into fewer subregions which 
were traversed with relatively slow progress. 
Table 1 shows the 12 conditions employed 
in the experiment, the total number of regions 
denominators), and the number of regions 
traversed for each condition (numerators). 


Procedure 


After being given the appropriate instruc- 
tions, S was blindfolded. He was then told 
that the experiment would begin as soon as 
the timer hand had moved around to the 
zero point, which would be exactly 1 min 
This latter procedure was used to reduce 
variability of 


estimates by giving all Ss a 


rABLE 1 


NUMBER OF REGIONS IN MAZE AND NUMBER 
TRAVERSED BY Ss IN EACH 
EXPERIMENTAL GROUP 


Goal Distance 


Motivation | Progress 
Inter- 
mediate 


Slow - 4/8 
Fast 8/16 


Slow 4/8 
Fast . 8/16 10 


TABLE 2 


MEANS OF TimME ESTIMATES IN MINUTES 


Goal Distance 


Motivation | Progress 


Inter 
mediate 


Slow 10.! 


Low Fast 10.: 


Slow 


High Fast 


standard time unit which they could use in 
later time estimates The S was not told 
that he could use this as a standard rhis 
procedure adapted Hindle 
experiment. 

rhe S’s preferred hand was then placed 
at the starting point of the stylus maze and 
he was given a series of 8 trials, each 30 se 
in duration. During the 15 sec. between 
trials, S was told his progress in terms of 
the regions that he had attained during the 
last trial. At the end of the 8 trials, a total 
of 6 min. had elapsed. The S was then asked, 
“‘How long does it seem to you that you have 
been working on this maze from the time we 
started until now?” This was followed by an 
interview in which the S was asked to rate 
his feelings with respect to his motivation 
to finish the first task. 


was from the 


RESULTS AND DISCUSSION 


The means of the time estimates 
for the 12 conditions are presented in 
Table 2 and the analysis of variance 
results are presented in Table 3. 

Data relevant to the first hypothesis 
are found in the first two rows of 
Table 2. When these data are evalu- 
ated it is found that none of the values 
differ significantly from any of the 
others, as predicted. This is 
taken as supporting the hypothesis 
that under low 


was 


motivation, time 


estimates are unrelated to both per- 
rate ol 


ceived progress and goal 
distance. 

Data the hy- 
pothesis, that under high motivation, 


perceived time is related 


relevant to second 


inversely 
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TABLE 3 


ANALYSIS OF VARIANCE OF TIME ESTIMATES 


Variable ; MS I 


Motivation (M) 

Goal distance (D) 

Rate of Locomo- 
tion (R) 

M xD 

MXR 

DXR 

MXDXR 

Error 


Total 


107.08** 
32.87** 


18.80 
61.99 
8.26 
3.78 
8.87 
2.00 
6.20 


9.40** 
31.00** 
+.13* 
1.89 
4.43* 


* O01 <P < 05 
—-P < OL. 


to perceived rate of progress and 
diversely to goal distance, are found 
in the third and fourth rows of Table 
2 and the analysis of variance in 
Table 3. There were significant first- 
order interactions between the moti- 
vation and rate of progress variables 
and between the motivation and 
goal distance variables. Under the 
high-motivation condition, mean time 
estimates the 
approached and the-decrease is more 
marked in the fast progress groups 
than in the low progress groups. At 


decrease as goal is 


the same time, the first-order interac- 
tion between goal distance and rate of 
progress was not significant while the 


second-order interaction was signifi- 


cant, thus demonstrating the critical 
role of the motivation factor. 

In addition, it that 
the independent variables considered 


was noted 


results. 
Consideration of Table 2 shows, how- 


singly produced significant 
ever, that there is no significant varia- 
tion between any of the values in the 
low-motivation 


nificant variation occurs only between 


condition. The sig- 
the high- and low-motivation groups 
and the the 
rate of progress and goal distance 


between conditions of 
variables in the high-motivation con- 


dition. These data indicate again 
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that motivation to reach the goal is a 
necessary condition for the appearance 
of any effects produced by rate of 
progress and goal distance. These 
results were taken as supporting the 
second hypothesis. 


It is proposed that where motivation 
to reach a goal is low or absent, cues 
to progress or goal proximity are irrele- 
vant to S’s behavior and are ignored. 
However, under a condition where there 
is motivation to reach a goal, cues to 
distance and progress become important 
aspects of S’s behavior and thus affect 
the perceived duration, as reported by 
Hindle. 

Woodrow (1951) has reviewed studies 
in time perception and has concluded 
that one of the outstanding characteris- 
tics of experiments on this process is the 
conflicting nature of the data from one 
study 
which 


However, the studies 
he cites do not motiva- 
tional which have’ 
founded the results. This experiment 
demonstrates that motivation is a sig- 
nificant factor which can distort 
preceptions and which may account for 
some of the ambiguity of data reported 
by Woodrow. 


to another. 
control 
may 


factors con- 


time 


SUMMARY 


This investigation was undertaken to test 
the following hypotheses: (a) For Ss not 
motivated to reach the end of a task, per- 
ceived duration is unrelated either to rate of 
locomotion or to distance from the end of the 
task, and (6) for Ss motivated to reach the end 
of the task, perceived duration is inversely 
related to rate of progress and distance from 
the goal. Half of the 120 Ss were given low- 

1\otivation instructions and half were given 

high-motivation instructions. All Ss 
6 min. performing 8 trials on a stylus maze 
while blindfolded. After each trial, they 
were given contrived about how 
rapidly they were advancing toward the goal, 
with Ss finishing at three different distances 
to the goal. At the end of 6 min., Ss were 
asked to estimate how long it seemed that 
they had been working on the task. The 
results supported both hypotheses 


spent 


scores 
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INHIBITORY SET IN PROBLEM SOLVING AS RELATED 
TO REINFORCEMENT LEARNING 


ROBERT ADAMSON! 


Emory University 


The phenomenon of Einstellung, or 
set induced by the repetitive success 
of a particular solution method over 
a series of problems, has been con- 
sidered either as an individual differ- 
ence variable (Cattell, Tiner, & 
Winder, 1949; Cattell & Winder, 
1952; Cowen, Wiener, & Hess, 1953) 
or as a phenomenon imposed _ by 
arrangement, experimental or other. 
Consideration of the latter point of 
view suggests that methods of solu- 
tion may become fixed in a manner 
analogous to the fixation of a CR; 
that is, a particular method is rein- 
forced if it leads to solution, successive 
such reinforcements leading to fixa- 
tion. If so, the method should per- 
whenever S encounters similar 
stimuli, even when the method is no 
longer appropriate. Such is the case 
in the Luchins (1942) series of water- 
jar problems. 

This approach, S-R oriented, has 
been applied successfully in studies 
of concept formation (Buss, 1950) 
and of discrimination reversal (Buss, 
1953). Kendler,Greenberg,and Rich- 
man (1952), with a similar orienta- 
tion, investigated the effect upon 
extinction of set of massed vs. dis- 
tributed presentation of set-inducing 
problems, finding that massed presen- 
tation produced greater resistance to a 
shift to a new method of solution. 

The present study views set-induc- 
tion in the context of general rein- 
forcement learning; consequently, an 
important variable in determining the 
persistence of 


sist 


a particular method 


‘Now with System Development Corpo 
ration. 


should be its reinforcement history. 
In accord with this approach, the 
hypothesis to be tested is that inter- 
mittent success of a specific method of 
anagram solution—analogous to par- 
tial reinforcement—will induce greater 
resistance to extinction of that method 
than will every-trial success. 


METHOD 


Subjects.—A total of 32 Ss, undergraduate 
students at Emory University, were placed 
into two groups having respective Ns of 12 
and 20. These groups were matched for sex. 

Procedure.—The task, presented individu- 
ally to Ss, was that of solving a series of four- 
letter anagrams, successively projected on a 
screen in front of S. Each S was shown an 
example anagram (GRWO) which he solved 
before proceeding with the test series. He 
was instructed to close a switch as soon as 

had thought of a solution. This switch 
urned off the slide projector and also broke 
a timing circuit. As soon as S had closed the 
switch, he wrote down his solution, following 
which the next slide was presented. Thus, 
there was a record of the correctness of each 
solution and one of time-to-solution for each 
anagram. 

rhe anagram three 
groups: set-induction, extinction, and rein- 
statement. For one group of 12 Ss, the par- 
tial reinforcement (50%) group, the 
induction series consisted of 12 anagrams, 
six of which could be solved only by trans- 
posing letters in a 2-3-4-1 (e.g., 
ETYP). These six were randomly inter- 
posed among six other anagrams, none of 
which could be solved by the foregoing, or 
by a common, method. For another group 
of 20 Ss, the every-trial (100%) group, the 
set-induction series consisted of the 2—3-4-1 
anagrams presented in succession. 

The extinction series followed and 
common for all Ss. It consisted of six 
anagrams for which the 2-3-4-1 method was 
inappropriate and for which there was no 
method common to any two anagrams. The 
reinstatement which followed, 


series consisted of 


set- 


order 


was 


series, con- 
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sisted of four anagrams which could be solved 
either by the 2~3—4—1 method or by a 4-3-2-1 
method (e.g., ELUR) 

The anagrams 
chosen from a list compiled by McNemar 
and Taylor (1955). The 2-3-4-1 anagrams 
and the other six anagrams constituting the 
set-induction series for the 50% group were 
matched for difficulty in the above study, in 
terms of percentage of correct responses. 


used in the series were 


RESULTS 


Erroneous solutions failed to dif- 
ferentiate between groups or con- 
ditions. Accordingly, the following 
analyses were based on the time-to- 
solution measure. 

For the 50% group, solution scores 
for the set-induction series revealed 
that the problems having a common 
method were more quickly solved 
than were the heterogeneous prob- 
lems. The mean time-to-solution for 
the six 2-3—4—1 problems was 3.99 sec. ; 
fortheothers, itwas16.49sec. (t = 6.44, 
df = 10, P = < .01). This could in- 
dicate a facilitative effect for the 
common method, or, alternatively, 
that solution of other anagrams in 
the same series is inhibited. 

The method established in the set- 
induction series exerted an inhibitory 
effect on solution of the problems in 
the extinction series (see Table 1). 

This effect was true for both the 50% 
group (¢ = 2.94,df = 10, P = < .02) 
and for the 100% group (t¢ = 2.86, 
df = 17, P = <.02). The inhibitory 


effect was more pronounced for the 
50% group than for the 100% group, 


in accord with the hypothesis. The 
t for the difference between mean 
differences (3.25) was 10.48 (df = 27, 
P = < .001). 

Scores on the reinstatement 
revealed no significant differences 
between the two groups, either in 
terms of choice of solution method 
or of time-to-solution. Thus, what- 
ever differential existed during the 


series 


rABLE 1 


MEAN TIME-TO-SOLUTION FOR ANAGRAMS 
IN THE SET-INDUCTION AND 


EXTINCTION SERIES 


Mean Time-to-Solution (Sec.) 
Group 


Induction | Extinction Diff 


50% 
100% 


3.99 
3.94 


extinction series did not 
to the reinstatement series. 


carry over 
DISCUSSION 


results 
partial 


uphold the 


success of a 


The hypothesis 
that particular 
method tends to cause greater resistance 
to extinction of the method 
every-trial success. By analogy, these 
results may be considered a_ partial 
reinforcement effect, and tend to support 
a research orientation allied to that of 
reinforcement learning in general. 


than does 


More specifically, these results sup 
port the position that an important 
factor in determining set formation is 
the reinforcement history of the method 
itself. 
clusion 


One might consider such a con 
contradistinctive to that ad- 
vanced by Kendler et al. (1952), for 
whom the important determinant of a 
set for a particular response was the 
extinction of alternative response tend 
encies during successive problem expo- 
sures, during which there was no selective 
strengthening of the specific method 
Their experiment, however, used as a 
measure of extinction performance on a 
single problem which could be solved 
in either of two ways: by the previously 
successful “‘long’’ method or by a direct 
method. Designating such a perform 
ance a measure of extinction, as had also 
been done by (1942), is to 
translate a its conventional 
meaning to a new one which is analo 


Luchins 
term from 
gously inappropriate, since in extinction 


the making of a previously learned 


response is no longer reinforced (or suc 


cessful). 


Such is the case in the extin« 
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tion series of the present experiment, but 
not in the above-cited studies (Kendler 
et al., 1952; Luchins, 1942). 

If sets are formed according to con- 
ventional reinforcement principles, fur- 
ther experimentation relating to the 
amount of work involved, the effects of 
rest intervals following extinction, etc., 
should yield results consonant with the 
preceding in terms of orientation. 


SUMMARY 


On the assumption that the development 
of inhibitory set proceeds according to the 
principles of reinforcement learning, such a 
process should display phenomena character- 
istic of reinforced responses in general. One 
such phenomenon is the relative success of 
partial reinforcement in producing resistance 
Accordingly, intermittent suc- 
method should 
greater resistance to extinction of the method 
in inappropriate problem than 
should every-trial success 

This hypothesis was tested by presenting 
three series of anagrams to human Ss 


to extinction. 


cess of a_ solution cause 


situations 


set- 
induction—in which partial was opposed to 
every-trial two groups—extinc- 
tion, and reinstatement With a _ time-to- 
solution upheld the 
was found that intermittent 
success with a given solution method tended 
to favor its persistence in inappropriate 
than did 


SuCcCeSS for 
measure, the results 
hypothesis. It 


situations relatively more every- 


trial success. 
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This study evaluated the hypothesis 
that amount of classical conditioning, 
measured during the acquisition proc- 
ess, would vary as a function of the 
intensity of the conditioned stimulus 
(CS). The direction of the hypothe- 
sized relationship was not predicted 
but it was expected to be nonlinear 
and possibly not monotonic. 

The experiment was done in the 
context of Razran’s (1957) theory of 
the acquisition of classical condition- 
ing. Razran’s theory predicts that a 
positive relationship between CS in- 
tensity and amount of conditioning 
would hold in the lower portion of the 
CS intensity continuum but that the 
relationship would become negative 
when the value of the CS-initiated 
neural event approached that of the 
unconditioned stimulus (UCS)-initi- 
ated neural event and the latter no 
longer “dominated” the former (1957, 
p. 13). 

Previous the 


American studies of 


role of CS intensity in classical condi- 


tioning (Carter, 1941; Grant & 
Schneider, 1948, 1949 ; Hovland, 1937) 
have reported negative results. All 
but Carter (1941), however, evaluated 
differences in amount of conditioning 
during extinction trials. For this 
reason, their findings cannot be con- 
sidered applicable to Razran’s theory 
which is concerned exclusively with 
the acquisition process. 

The study 


present was designed 


This paper is based on a portion of the 
data of a Ph.D. dissertation submitted to the 
Graduate School of the University of South- 
ern California. W. W. Grings was chairman 
of the dissertation committee 

? Now at the University of Florida. 


to permit amount of GSR (to a 1000 
cps tone) on acquisition trials to be 
used as a measure of conditioning. 
To provide support for the assumption 
that observed differences could be 
attributed to conditioning 
some Ss were used as controls who 


effects, 


did not receive paired presentations 
of the CS and UCS but were treated 
similarly to the experimental Ss in 
other respects. 


METHOD 


were 72 


Subjects* and design.—The Ss 
volunteer undergraduate students at the 
University of Southern California. They 
were given a hearing test to ensure that none 
had more than a 15-db hearing loss in either 
ear. The Ss were assigned randomly to two 
equal-sized groups. The groups differed with 
respect to the presence or absence of a paired 
relationship between CS and UCS; the group 
that received paired presentations is referred 
to below as the conditioning group (Group C); 
the group that received unpaired presenta- 
tions of CS and UCS is referred to as the 
pseudo-conditioning group (Group P Each 
group was divided randomly into three sub 
groups of 12 Ss each 
differed 
used; one 


The three subgroups 
respect to the CS 
conditioning 


with intensity 
subgroup and one 
pseudo-conditioning subgroup received a CS 
intensity of 35 db, 75 db, and 115 db, re 
spectively (all db re .0002 dynes/cm* 
Instructions.—All were ad 
ministered in writing except as noted below 
Three written 
given. The first explained the nature of the 
GSR and the stimuli to be used. It indicated 
that this was an experiment on the way in 
which different stimuli evoke the GSR. The 
second written instruction explained how the 
shock was to be set The third 


instructions 


separate instructions wert 


intensity 


The Ss were obtained from a subject-pool 
made possible by a grant from the National 
Science Foundation to W. W. Grings, Psy 
chology Department, University of Southern 
Califor: ia. 
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written instruction told S to relax his body 
and remain motionless and it explained that a 
blindfold was to be used to eliminate visual 
stimulation. 

A pparatus.—The CS was a 1000 cps tone 
generated by a Hewlett-Packard Model 200-B 
audio oscillator. The oscillator was on at 
all times during the data collection period. 
The intensity of the tone was determined by 
the setting of a Hewlett-Packard Model 
350-B attenuator as follows: With the at- 
tenuator set at zero attenuation, the output of 
the oscillator was manipulated until the volt- 
age across the PDR-8& headphones (with 
MX-41/AR ear cushions) was | v. The 
headphones had been calibrated beforehand 
to determine that each phone delivered ap- 
proximately 115 db when 1 v. was measured 
across it. The oscillator setting that 
duced the desired voltage was maintained 
throughout the experiment. Variations in 
CS intensity by E during the experiment were 
accomplished by changing the 
setting. 

The UCS was an electric shock delivered 
to the volar surface of S’s forearm (preferred) 
through two }-in. silver electrodes spaced 
1} in. apart. The shock was generated by 
the single discharge of a .1-mf. condensor, 
charged to 90 v. and discharged through the 
primary ofa1:18transformer. Intensity was 


pro- 


attenuator 


varied by a voltage divider in the secondary 


of the transformer. The strength of the 
shock was adjusted for each S to meet a 
double criterion: the consistent production of 
a GSR and an oral report of definite annoy- 
ance. This setting was achieved by present- 
ing S with a barely perceptible shock and 
increasing the intensity in small steps until 
S reported definite annoyance. 

Temporal relations between the CS and 
UCS were controlled by two Hunter elec- 
tronic timers. Group C received a tone of 4 
sec. duration followed immediately by the 
electric shock on acquisition trials. Group 
P received the 4-sec. tone alone and the shock 
alone as described below. The timers also 
drove two signal-magnet pens indicating 
onset and cessation of the tone and shock on 
the GSR record. 

The GSR was picked up by a saline paste- 
metal-skin junction using }-in. Lucite cups 
containing zinc electrodes and fastened by 
rubber straps to the palm and back of S's 
nonpreferred hand. Alcohol was used to 
clean S’s hand prior to attaching the elec- 
trodes. rhe 
resistance change in a 


response was measured as a 
Wheatstone bridge 
input to a Brush DC amplifier, with changes 


in resistance recorded as deflections on an 
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Esterline-Angus ink-writing milliammeter 
with a paper speed of 3 in. per min. The 
current through S was maintained at 42.5 
microamperes. 

Procedure.—Observations were made in a 
soundproof room with all lights out except 
for a covered 7.5-w. lamp in E’s cubicle. A 
partition separated S from E and the equip- 
ment. The oscillator, timers, and associated 
relays were in another room. The only noise 
in S’s room was the click of the signai-magnets 
on the recorder and the hum of an electri« 
fan masking these clicks. 

At the beginning of the data collection 
period, S was seated and given a hearing test 
with a Beltone audiometer. Then S read the 
first written instruction. After E had at- 
tached the GSR and shock electrodes to S, the 
second written instruction was read by S. 
Meanwhile E checked the calibration of the 
GSR record. Then the intensity of the 
shock was set and S was told that it would 
remain the same for the remainder of the 
experiment. The S then read the third 
written instruction and was told to relax and 
pay attention to the stimuli. The head- 
phones and blindfold were attached and the 
lights turned out. 

All Ss received six preliminary trials of 
tone alone.: The CS intensity was used for 
three of these preliminary trials and a differ- 
ent intensity (not one of the three CS intensi- 
ties) was used for the remaining three trials 
A counterbalanced order was used for the two 
intensities presented on preliminary trials 
The preliminary trials were followed by three 
presentations of the shock alone. These pre- 
sentations were followed by six adaptation 
trials with the CS alone. The preliminary 
trials, shock alone trials, and adaptation trials 
were all separated by 20—30 sec. 
ally varied by E. 

The Ss in Group C then received 20 ac- 
quisition trials of tone followed by shock. 
These trials were separated by 40-60 sex 
unsystematically varied by E. The Ss in 
Group P received 20 presentations of the CS 
and 20 shocks in an order designed to prevent 
the formation of patterning These 
trials were separated by 20-30 sec. unsystem- 
atically varied by E. 

The Ss were then paid and asked to tell E 
what they noticed 
Before leaving they 


unsystematic- 


sets 


about the experiment 
were cautioned against 


discussing the experiment with others 


RESULTS 
Amount of GSR was measured as 


the maximum deflection of the re- 
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corder pen within a 5-sec. interval 
beginning with the onset of the CS. 
The unit employed was the square 


root of conductance change (VAC), 
which has been found in previous re- 
search (Grings & O’Donnell, 1956) to 
be distributed appropriately for the 
statistical procedures used. The 5- 
sec. interval excluded unconditioned 
responses to the UCS (GSR latency is 
almost never less than 1 sec.). 

The acquisition score was obtained 
by subtracting the average VAC to 
the CS on the three preliminary trials 
from the VAC measured on each ac- 
quisition trial. Acquisition scores 
from pairs of adjacent trials (i.e., 1st 
and 2nd, 3rd and 4th, etc.) were 
summed to increase their stability. 
There were thus 10 acquisition meas- 
ures for each S. The subtraction 
process was used to control for differ- 
ences in unconditioned response 
strength of the different CS intensities. 
It also had the effect of 
differences among Ss in 


reducing 
GSR _ re- 
sponsiveness. 

The acquisition 
scores for Groups C and P were quite 
symmetrical 


distributions of 


The reliability of these 
scores was estimated approximately 
by obtaining the correlation of the 
sum ol 
trials and 


responses on odd-numbered 
the sum of 
even-numbered trials. 
double length this correlation was 
found to be .81 (all Ss). On the basis 


of the observed symmetry and reliabil- 


responses on 


Corrected for 


ity of the acquisition scores it was con- 
cluded that they were appropriate for 
the analy ses presented below. 

To evaluate the experimental hy- 
pothesis that differences in amount of 
conditioning would be a 
CS intensity, 


function of 
a separate comparison 
of trial-by-trial acquisition scores was 
made for each pair of conditioning and 
pseudo-conditioning subgroups receiv- 


* 


iidiedl 
—xf 
.—4¢ —T 


~¢— 


BLOCKS OF ACQUISITION 


Fic. 1 Acquisition score for the GSR in 
successive blocks of two trials for the condi- 
tioning (Group C 
(Group P 
the CS 


and pseudo-conditioning 


groups, with three intensities of 


These 
comparisons are presented graphically 
in Fig. 1. 


ing the same CS intensity. 


The ngure indicates that Group C 
Ss who received a CS intensity of 35 
db behaved quite differently from 
Group P Ss receiving the same intens- 
ity. The Group C subgroup showed 
a gradual increase in average acquisi- 
tion scores up to the fourth block of 
two acquisition trials, reflecting a 
conditioning effect, while the Group P 
subgroup showed a steady decrease 
in average acquisition scores, reflect- 


No differ- 


between 


ing an adaptation effect. 


ences appeared to occur 
Group C and P Ss receiving the 75 db 
and 115 db CS intensities, indicating 
that conditioning did not occur for 
these intensities. 

the observed 


difference between Group C and P Ss 


The significance of 


receiving a CS intensity of 35 db was 
evaluated by comparing their over-all 
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mean acquisition scores. The test of 
this difference produced a ¢ ratio of 
4.17, which was significant well be- 
yond the .01 level.4 On the basis of 
this significance test it was concluded 
that the Group C Ss who received a 
35 db CS intensity were conditioned. 
The Group C Ss who received the 75 
db and 115 db CS intensities did not 
differ from the Group P Ss receiving 
the same intensities and cannot be 
assumed to have learned. 
Examination of the learning curves 
in Fig. 1 suggests that the Ss of Group 
C who received the 115 db CS re- 
sponded, on the average, at a higher 
level than the Ss of Group C who 
received the 75 db intensity. This 
difference was observed for the Group 
P Ss receiving these intensities also, 
indicating that it was not due to con- 
ditioning. ‘It was that a 
sensitization effect, due to the intens- 
ity of the CS, was responsible for this 
difference. To check on this possi- 
bility, measures of skin conductance 
prior to and after the acquisition 
series (between trials) were obtained 
for each S. Since skin conductance 
has been assumed to indicate level of 
activation (Woodworth & Schlosberg, 
1954), it was expected that the Ss re- 
ceiving the 115 db CS would show a 
greater change in skin conductance 
over the entire acquisition series than 
was shown by Ss receiving the less 
intense CSs. This would support 
the notion that sensitization, due to 
the activating effect of the most in- 
tense CS, was responsible for the 
difference in acquisition scores between 
Group C and P Ss receiving the 115 
and 75 db These 


possible 


intensities. con- 


ductance measures are presented in 


Table 1. 


720 ac- 
quisition scores (all Ss) provided an estimate 
of error variance for this ¢ ratio (cf. Lindquist, 
1956, p. 146). 


4An analysis of variance of the 
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TABLE 1 


CONDUCTANCE VALUES 
MHOS) BEFORE AND AFTER 
ACQUISITION 


MEDIAN (Micro- 


Base Conductance 


Stimulus | Before Acquisition After Acquisition 


Group C | Group P | Group C | Group P 


36.6 | 37.1 
36.8 37.7 
35.6 30.2 


35 db 
75 db 
115 db 


37.8 
39.0 
39.0 


38.4 
38.5 
35.3 


As was expected, the amount of 
change in skin conductance over the 
entire acquisition series was greatest 
for Ss receiving the 115 db intensity 
and least for Ss receiving the 35 db in- 
tensity. Median values are used in 
the table because of the large ranges 
and lack of previous information re- 
garding the distribution of these 
measures. The median values before 
acquisition were not significantly dif- 
ferent from each other (tested by 
comparing the two most discrepant 
groups with the Median test), nor 
were they significantly different from 
each other after acquisition. The 
only subgroup showing a significant 
change in conductance was the Group 
P 115 db subgroup, which showed a 
significant increase (Wilcoxon Paired 
Replicates test, 7 = —6, P < .01). 
This significant increase, coupled with 
the apparent over-all trend in amount 
of change in skin conductance as a 
function of CS intensity, supported 
the notion that a sensitization effect, 
namely an increase in level of activa- 
tion, was responsible for the difference 
between Group C and P Ss receiving 
the 115 db intensity and Group C and 
P Ss receiving the 75 db intensity. 


DISCUSSION 


The results of this experiment appear 
to support Razran’s theoretical assertion 





AMOUNT, INTENSITY OF CONDITIONED STIMULUS 


that strong CS complicate or 
interfere with the formation of CR. 
Since the weakest intensity used in this 


may 


study was associated with the most con- 
ditioning (more correctly, with the only 
significant conditioning), it would be 
difficult to predict from the present data 
whether weaker intensities would lead to 
more or less conditioning when compared 
with a 35 db CS. 

A question may be raised as to why the 
optimum CS intensity in this study 
should have been so low in the auditory 
intensity continuum. Two speculative 
comments may help answer this question. 
The first is that the peculiar nature of the 
GSR, in comparison with autonomic re- 
sponses such as salivation, may make it 
more susceptible to interference and sub- 
sequent conditionability. The 
GSR differs from salivation in being an 


poor 


organismic rather than a localized re- 
sponse, diffuse rather than specific. If 
it is assumed that the lack of ‘“‘domin- 
mentioned in Razran’s theory 
stems from the tendency of the CS to 
interfere with the UCS-UCR reflex, then 
highly 


ance” 


sensitive organismic responses, 
such as the GSR, might be conditionable 


more readily to stimuli that, themselves, 


have little unconditioned propensity to 


elicit the response. In this study only 
the 35 db CS was close to being inade- 
quate to produce the GSR before ac- 
quisition. 

The second speculation regarding the 
reason for the 35 db CSs superiority over 
the other CSs derives from a statement 
by Pavlov (1927) regarding CS intensity 
and conditioning. Pavlov observed that 
the defensive or investigatory reflexes 
evoked by any CS were definite obstacles 
to the formation of CRs. In the present 
study, it can be assumed that the 35 db 
CS had less of a tendency to arouse 
defensive or investigatory reactions than 
the more CSs and, 
conditioned more readily. 

The finding that sensitization occurred 
in Ss receiving the 115 db CS, whether 
or not it was paired with the UCS, has 
two important implications. The first 
is the fact that conditioning studies em- 
ploying mildly noxious CSs require ade- 


intense thus, was 
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quate sensitization controls to be mean 
ingfully interpreted. In the present 
study, for example, it would have been 
difficult to differentiate between the 
Group C subgroups receiving the 35 db 
and 115 db CSs had no control group 
been used. The second implication of 
the sensitization effect observed in this 
study is that it appeared to be due to the 
CS rather than to the UCS, as might have 
been expected. This probably 
that sensitization controls in classical 
conditioning studies should receive pres 
entations of the CS as well as the UCS 
to support adequately 


means 


the assumption 
that conditioning occurred in experimen 
tal groups. 


SUMMARY 


An experiment was conducted to test the 
hypothesis that amount of conditioning is a 
function of CS intensity. The experiment 
was done in the context of Razran’'s theory of 
The palmar GSR, 
produced by electric shock to the forearm, was 
conditioned to a 1000 cps tone of three inten- 
sities: 35, 75, and 115 db (re .0002 dyne/cm?* 
The CS was of 4-sec. duration and was fol 
lowed immediately by the UCS on 20 acquisi- 
tion trials. For each CS intensity a control 
group was run receiving unpaired presenta- 
tions of tone and shock. Amount of condi- 
tioning was measured in terms of the amount 
of GSR produced by the CS on acquisition 
GSR 


duced by the CS on preliminary trials 


classical conditioning 


trials over and above amount of pro- 
rhe results showed that conditioning oc- 


curred only in the group receiving paired 
presentations of the 35 db CS and the shock 
UCS. The intense CSs failed to be 
conditioned. Sensitization occurred in the 
groups receiving the 115 db CS, whether or 
not it was paired with shock 

were interpreted as supporting 
theory of classical conditioning 


more 


The results 


Razran's 
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STIMULUS SIMILARITY AND TASK FAMILIARITY 
AS DETERMINANTS OF EXPECTANCY 
GENERALIZATION 


DOUGLAS HEATH! 
Haverford College 


Recently, there have been attempts 
to understand expectancies as cogni- 
tively learned units of behavior subject 
to reinforcement learning principles 
(Chance, 1952; Jessor, 1954; Rotter, 
1954). Although S’s expectancies 
may not be explicitly or precisely 
formulated, it has been possible to 
objectify the construct by defining 
an expectancy as that score S predicts 
he will make in a specific task, and 
expectancies so defined can be modi- 
fied by reinforcement operations. A 
negatively reinforced expectancy (fail- 
ure) will be lowered in subsequent 
trials; a positively reinforced expect- 
tancy (success) will usually be raised 


(Lewin, Dembo, Festinger, & Sears, 

1944; Rotter,.1942). 
Reinforcement of an 

may affect expectancies about other 


expectancy 


quite different situations. For ex- 
ample, a bright ninth grade student 
unexpectedly fails algebra. Why does 
he subsequently expect to fail geom- 
etry, physics, and possibly history? 
Rotter has called this effect an ex- 
ample of the generalization of expect- 
ancy changes which, he has hypoth- 
esized, is mediated more by the goal 
relatedness, or the similarity of rein- 
forcement values, of the stimuli along 


‘Il am grateful to T. Koester, Amherst 
College, who suggested the study, to W. 
Hays and W. Norman, University of Michi- 
gan, and G. Mandler, Harvard University, 
for their assistance. I appreciate the support 
of the National Science Foundation and the 
Social Science Research Council which has 
given me time to prepare this article. The 
experiment was conducted at Ambherst 
College. 


a generalization continuum than by 
objective physical stimulus character- 
istics. Attempts to obtain a defini- 
tion of ‘“‘goal relatedness’’ for a range 
of stimuli independent of other stimu- 
lus properties and phenomenologically 
valid for each S have not been par- 
ticularly successful (Chance, 1952; 
Jessor, 1954) primarily because ‘‘goal 
relatedness” has been defined a priori 
by E without consideration of Ss’ 
need hierarchies. The experimental 
results cited by Rotter in support 
of his thesis need to be replicated not 
only because of the experimental 
failure to obtain independent meas- 
ures of goal relatedness, but also 
because of the experimental confound- 
ing of temporal order of task presenta- 
tion with stimulus similarity (Jessor, 
1954) and/or the 
restricted number of generalization 
tasks, e.g., one to three, at most 
(Jessor, 1954; Rotter, 1954, p. 121). 
This paper reports two experiments 
that demonstrate expectancy generali- 
zation utilizing S-defined rather than 
E-defined criteria ‘of stimulus simi- 
larity. To establish the fact of 
expectancy generalization across a 
range of tasks. Exp. I hypothesized 
that (a) positive and negative rein- 
forcement of an expectancy in 
task will differentially affect expect- 
ancies in related tasks, and (6) the 
degree of generalization of expectancy 
changes will decrease with increasing 
dissimilarity of the related tasks. 
“Increasing dissimilarity’’ was defined 
by each S’s postexperimental global 
impressionistic judgments of degree 


use ol a very 


one 
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of similarity among the generalization 
tasks. To determine if S performance 
on the generalization tests was a 
variable, which, by reducing the 
ambiguity of the situation, leads to a 
reduction in the amount of generaliza- 
tion, Exp. Il hypothesized that (c) 
degree of generalization of expectancy 
changes will decrease with increased 
S familiarity with the task situation. 
“Increased familiarity’’ was defined 
by S performing each of the generali- 
zation tasks. 


METHOD 


Subjects.—Eighty volunteer male students 
in elementary psychology courses were used. 
The Ss included all but one member of the 
courses concerned. The Ss were predom- 
inantly sophomores and juniors with a 
minimum knowledge of psychology. The Ss 
knew E who assisted them in their laboratory 
work. 

Design.—Following the instructions, each 
S stated the percentile score he expected to 
get on a vocabulary test which he subse- 
quently took. The £ then reported a falsi- 
fied prearranged score that was above (suc- 
cess) or below (failure) S’s stated vocabulary 
expectancy. In Exp. I, S estimated the 
percentile score he expected to make on one 
of the generalization tests, took that test, 
ind then gave his expected percentile score 
for the next generalization test. In Exp. II, 
S estimated the percentile score he expected 
to make on each of the six generalization 
tests but did not take any of the tests. 

Materials.—The initial test on which S’s 
expectancy was reinforced was the Nelson- 
Denny Vocabulary Test, Form A, 1929 
edition. 


The S selected the correct synonym 
from five alternative words for each of the 


increasingly more difficult 100 test items. 
Ten student judges, not part of the S popula- 
tion, were each given copies of the vocabulary 
test and 12 different ability tests. Each 
judge rated the similarity of each of the ability 
tests to the vocabulary test on a 3-point 
scale. He then ranked each test in order of 
its similarity to the vocabulary test. ‘“‘Simi- 
larity” was deliberately left undefined. On 
the basis of the means and SDs of the judges’ 
ratings and rankings, five tests were selected 
to represent a _ generalization continuum 
ranging from ‘‘very similar’ to ‘‘very dis- 
similar” to the vocabulary test. The tests 
were, in decreasing order of judged similarity 
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to the vocabulary test: (a) Grammar and 
Spelling Analogy Test, Test 2, Ohio State 
University Psychological Test, Form 22, 
1943; (b) Paragraph Comprehension, from 
the Iowa Silent Reading Test, Form AM; 
(c) Recognition of Assumptions, from the 
Watson-Glaser Test of Critical Thinking, 
I-A, 1942; (d) Number Series, from the 
American Council of Education, 1939; and 
(e) Eye-hand Dexterity Test, from the Min- 
nesota Spatial Relations Test. To increase 
the range of dissimilarity, a dart throwing 
test was subsequently added as a sixth test 
for Exp. II. 

Procedure.—All Ss volunteered for the 
experiment at the same time by signing a 
master appointment list. The first 40 Ss 
on the list were assigned to Exp I which was 
completed before data were collected from 
the remaining 40 Ss for Exp. II. For each 
experiment, every other S who appeared for 
an appointment was routinely assigned to the 
failure group. Each S was tested indi- 
vidually. He was given an instruction sheet 
which described the experiment’s ostensible 
purpose and procedure. The S was told that 
the experiment was measuring the accuracy 
of his self estimates and that “the accuracy 
with which an individual can judge others 
and himself ... is... an index of intel- 
ligent behavior."” He was told that he was 
to take a vocabulary test which was also 
indicative of intelligence and that he would 
receive a percentile score based on the 
college’s norms. He was to state how well 
he would do in comparison with other men 
of the college. He was assured all results 
would be kept private and would not affect 
his grade in the course. The instructions 
and procedure were identical for the Exp. I] 
Ss except that each S was told he would take 
each of the tests after he had given his esti- 
mates for all tests. After giving his esti- 
mates, the Exp. II S was told he did not have 
to take the tests. After E had answered S’s 
questions, E repeated verbally some of the 
written instructions. The E defined and 
gave examples of a percentile score and 
emphasized that S was to estimate the per- 
centile score he would actually get, not what 
he would like or not like to get. The S was 
then given a sample of the vocabulary test 
after which he wrote his estimated percentile 
rank at the top of a sheet which had mimeo- 
graphed multiple choice answers for all of the 
tests, except the vocabulary, dart throw, 
and dexterity tests, that S thought he was 
to take. 

When taking the vocabulary test, S was 
told to call out the number of one of the five 
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answers to each word, even if he had to guess, 
so E “could correct the test as we go along.” 
The S was told that the final score combined 
both speed and number of correct answers 
but that E could not tell him how much time 
he would have. At the end of 10 min., or 
when S had completed the test, E took the 
test away, performed some fake figuring, 
ostensibly consulted a table of norms and 
wrote a prearranged percentile rank at the 
top of S’s answer sheet. The same prear- 
ranged schedule of falsified scores was used 
for both Exp. I and II. Variable amounts 
were either added to (for success Ss) or sub- 
tracted from (for failure Ss) S's initial per- 
centile estimate, depending upon the size of 
S’s initial estimate. For example, all “‘fail- 
ure” Ss expecting their scores to be 20th 
percentile were reported by E to be on the 
{th percentile; all “failure” Ss expecting the 
90th percentile were reported to be on the 
67th percentile. Table 1, which gives the 
differences between the mean _ estimated 
vocabulary and reported percentile scores 
for each experimental condition, shows each 
group received about the same amount of 
reinforcement. Two Ss indicated in a post- 
experimental interview that they doubted 
the validity of the reported score. These Ss 
were in different experimental groups 

The S was next given a sample of one of 
the generalization tests after which he wrote 
his expected percentile rank on the answer 
sheet. He then either took the test or was 
told he would take it after he had given his 
estimates on all of the tests. Each S was 
given the tests in a prearranged but indi- 
vidually randomized order. No two Ss 
received the tests in the same order. 

At the completion of the experiment, each 
S rated on a 3-point scale the similarity of 
each of the tests to the vocabulary. Fol- 
lowing the ratings, S then ranked each test 
in order of its similarity to the vocabulary. 
No tied ranks were allowed. Despite some 
requests, E consisten.ly refused to give any 
clues about the meaning of “similarity” in 
order not to affect S’s judgments. The S 
was then interviewed about the determinants 
of his estimates, and was asked not to discuss 
the experiment with anyone else. At the 
end of Exp. II, Ss were notified about the 
purpose of the experiment. 


RESULTS 


Table 1 indicates the mean S- 
estimated vocabulary and E-reported 
vocabulary scores for each experi- 


TABLE 1 


MEAN ESTIMATED VOCABULARY AND 
REPORTED PERCENTILE SCORES 


or 
Reinforcement Vocab. . 
Condition : % Est. 9} d 


Exp. I 
Success 
Failure 


| 
67.75 
61.6 


89.0 


Exp. Il 
Success 
Failure 


61.1 
66.1 


mental condition. The differences 
between the vocabulary estimates of 
the success-failure groups for each 
experiment and of the success-success 
and failure-failure groups for both 
experiments were nonsignificant. 

The generalization tests did repre- 
sent different degrees of dissimilarity 
to the vocabulary test. Mean simi- 
larity ratings for each generalization 
test were comparable for each experi- 
mental condition. The mean simi- 
larity ratings for the performance 
group were, for example: Analogy 
1.05, Recognition of Assumptions 
2.12, Paragraph Comprehension 2.17, 
Number Series 2.75, and Dexterity 2.8. 

The basic data used in the analyses 
were Ss’ percentile estimates made 
for that test which was judged by 
each of those Ss to have the same 
ranked similarity to the vocabulary 
test, e.g. S;’s percentile estimate for 
the Ohio Analogy Test which 5S, 
ranked 1 was combined with S's 
percentile estimate for the Number 
Series Test which S, ranked 1. By 
combining the percentile estimates 
for the individually ranked positions 
rather than for tests it was possible 
to use a S-defined rather than E- or 
group-defined stimulus continuum of 
similarity. All results, unless stated 
otherwise, are presented in terms of 
each S’s own judgment of the degree 
of similarity of the tests. 
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non-perform,success 
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perform, success 

perform, failure 
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MEAN PERCENTILE DEVIATION 


TESTS IN ORDER OF SUBJECT-JUDGED 
SIMILARITY 
Fic. 1. Percentile 
group's generalization 
its vocabulary estimate. 


each 
from 


deviations of 
test estimates 


Hypothesis 1, which predicted that 
positive and negative reinforcement 
have differential effects on subsequent 
expectancies, was confirmed. Figure 


1 shows the mean percentile devia- 
tions of each of the group’s estimates 
on the generalization tests from their 


own vocabulary estimates. Positive 
reinforcement raised while negative 
reinforcement lowered all subsequent 
expectancies. No temporal order is 
implied by the points along the 
abscissa as the presentation order of 
the tests differed for each S and was 
independent of his rankings of test 
similarity. An analysis of variance, 
found in Table 2, of the deviation 
scores shows that the expectancy dif- 
ferences between the success and 
failure groups were significant beyond 
the .001 level. 

Hypothesis 2, which predicted that 
degree of generalization of expectancy 
changes with increasing 
dissimilarity of the related tasks, was 
generally not confirmed. It was pre- 
dicted that the slope of the success 
groups’ curves would fall and the 


decreases 


failure groups’ curves would rise with 
increasing test dissimilarity. Figure 
1 shows that the gradients for the 
success and failure groups which did 
not take the tests remain relatively 
flat. The gradients of the groups 
which took the tests give more but 
hardly conclusive support for the 
hypothesis. Although both the suc- 
cess and failure groups that took the 
tests show some decrease in generali- 
zation effect, only the success group's 
gradient shows a consistently decreas- 
ing generalization effect. The main 
analysis of variance results and the 
triple interaction effect between the 
performance, reinforcement, and task 
variables, significant at the .10 level, 
generally indicate that the increased 
dissimilarity of the tasks did not 
mediate any significant decrement 
in expectancy for the experimental 
conditions. 

Hypothesis 3, which predicted that 
degree of generalization of expectancy 
changes decreases with increased S 
familiarity with the task, was gen- 


TABLE 2 


ANALYSIS OF VARIANCE OF DEVIATION SCORES 
BETWEEN VOCABULARY AND GENERALIZA- 
TION TEST® PERCENTAGE ESTIMATES 


Source 
Between Ss 
Perf-NonPerf 
(PNP) 
Success-Failure 
SF) 48,334.03 
PNP X SF 4,428.89 
Error 1,445.98 
Within Ss 
Tasks (T) 
T X PNP 
T X SF 
T X SF X PNP 
Error 304 
Total 399 


91.21 


ye) = 
~e 


tS = = 

— wee 1 00 
N 

CONN wy 


~~ 
7 


* Because the number of tasks for P and NP groups 
differed, the percentage estimates on the most dis 
similar task of NP group are not included 


°P < .10 
-P < Ol 
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erally supported. Not only do the 
gradients of the groups that took 
the tests show some decrease in the 
extent of the generalization effect 
along the generalization continuum, 
but also the gradients show the effect 
of the initial reinforcement on sub- 
sequent generalization task estimates 
to be consistently smaller in mag- 
nitude. Figure 1 shows that the 
deviations from initial expectancy 
for every estimate of the groups which 
took the were than the 
corresponding deviations of the groups 
which did not take the tests. A 
sign test analysis of this consistent 
directional effect was significant be- 
yond the .001 level. The results 
suggest, therefore, that the increased 
familiarity with a situation reduces 
both the extent and magnitude of 
the generalization effect. 


tests less 


results were ob- 
tained when each S’s test estimates 
were ordered on the basis of the group 
judged similarity of the generalization 
tests to the vocabulary. The 
estimates were also analyzed 


Less consistent 


test 
with 
respect to the temporal presentation 
order for each S. No consistent 
results were discernible, thus suggest- 
ing that there was no tendency for 
the generalization effect to decrease 
with time irrespective of the nature 
of the tests. 

The experimental conditions per- 
mitted an analysis of the generaliza- 
tion effect of positive and negative 
reinforcement in one test upon sub- 
quent test performance in other tests. 
The performance scores of each suc- 
cess and of each failure S on each of 
the five generalization were 
obtained irrespective of S judgments 
of similarity. Position effects were 
equated between the five tests since 
the temporal order of test presenta- 
tion had been randomized. Table 3, 
which the differences in 


tests 


shows per- 


TABLE 3 


DIFFERENCES IN GENERALIZATION TEST 
PERFORMANCE FOLLOWING SUCCESS 
AND FAILURE ON VOCABULARY 


Success Failure 
Test 
SD Mean SD 
Analogy 
Test 
Par. Comp. 
Rec. 
Assump. 
Number 
Series 
Dexterity 


30.8 


26.7 


* High score is best score for 


all tests except Dex 
terity Test 


formance on each of the five tests 


between the success and failure groups, 


shows no significant differential ef- 
fects. This result is contradictory 
to other studies which have shown 
that failure in one task may depress 
performance in other different tests 
(Lantz, 1945; Sears, 1937). 

In a postexperimental interview on 
the determinants of their expectancies, 
25% of the Ss spontaneously volun- 
teered and 58.8% of the remaining 
Ss admitted after direct questioning 
that the obtained on the 
vocabulary test influenced their sub- 
sequent expectancies. The success 
Ss’ comments were usually affectively 
neutral while the failure Ss’ comments 
were marked by pervasive negative 
self references, e.g., “‘I did so lousily 
on the first test 
cautious 
the first 
failed.” 


score 


made me more 
. lost my courage after 


test my confidence 


DISCUSSION 


The experiment, using similar general- 
ization tasks and but a 
different method of data analysis, con- 
firms and extends the findings of Rotter 
(1954) and his associates (Chance, 1952; 
Jessor, 1954) that positive and negative 
reinforcement of an affect 


procedures 


expectancy 
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subsequent expectancies in a large num- 
ber of increasingly dissimilar tasks. 
The results do not unequivocably confirm 
Jessor’s (1954) finding that the generali- 
zation effect decreases with decreasing 
stimulus similarity or, as he defines 
the generalization continuum, decreasing 
goal-relatedness of the stimuli. The 
results of Ss who performed the tests 
show some, though certainly not marked, 
decrement in generalization effect, simi- 
lar to that shown by Jessor’s Ss who also 
performed on similar academic and 
physical skill tests. However, under 
the condition of not taking the generali- 
zation tests, increasing stimulus dis- 
similarity, or the goal-related values of 
academic and physical skill achievement, 
did not mediate any decrease in generali- 
zation effect within the range of tests 
used. Since many Ss appeared or 
reported to be under considerable tension 
during the experiment, it may be that 
Ss under high drive level, possibly 
induced by the experimental instructions, 
generalize more extensively than do Ss 
under reduced drive level. Rotter’s 


thesis may need to be extended to take 


into account both the variables of test 
performance and drive level as additional 
determinants of the magnitude and 
extent of expectancy generalization. 

The study gives no direct confirmation 
to Rotter’s thesis that expectancy gen- 
eralization is mediated by the goal 
relatedness of the stimuli since no inde- 
pendent measure of goal relatedness was 
obtained. Although scholastic aptitude 
tests may have a higher reinforcement 
value than physical skill tests for a 
college group, as the Rotter group claims, 
it seems more likely that objective 
physical similarity of the different tests 
in this experiment was the more im- 
portant variable mediating the small 
decrement in generalization effect. When 
rating the tests many Ss classified them 
into paper and nonpaper tests and then 
proceeded to distinguish between the 
paper tests in terms of their use of words 
or numbers. 


SUMMARY 


It was hypothesized that positive and 
negative reinforcement have differential ef- 
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fects on the generalization of expectancies, 
that the amount of generalization varies 
with stimulus similarity and with S famili- 
arity with the task situation. ~ Each S stated 
an expected percentile score on a vocabulary 
test, took the test and was given a prearranged 
score which was either below (failure) or 
above (success) his initial expectancy. Forty 
Ss then each estimated their performance 
on five or six randomly presented tests that 
varied in degree of similarity to the vocabu- 
lary. Another 40 Ss followed the same 
procedure but after each statement of ex- 
pected performance on a particular test, 
performed the test. The major conclusions 
are: (a) positive and negative reinforcement 
have differential effects on the generalization 
of expectancies, (b) increased generalization 
task dissimilarity did not mediate any 
consistent decrement in generalization except 
for the performance success group, and (c) 
increased familiarity with a situation reduces 
the extent and magnitude of generalization. 
It was suggested that Rotter’s theory of 
expectancy generalization needs to be revised 
to take into account determinants other than 
goal relatedness that affect the shape of the 
generalization gradient. Success and failure 
were also found to have no differential effect 
on subsequent scholastic aptitude or physical 
skill test performance. 
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FRUSTRATION STIMULI IN DISCRIMINATION ! 
D. W. TYLER,* MELVIN H. MARX, anp GEORGE COLLIER 


University of Missouri 


Two frequently hypothesized effects 
of frustration are (a) an increase in 
drive level, and (+) production of new 
or unique stimuli arising as a conse- 
quence of this increased drive (Law- 
son & Marx, 1958b). Blocking, de- 
laying, and failing to reward a pre- 
viously rewarded response have been 
some of the operations presumed 
to produce frustration. 

To examine the second of the two 
assumed consequences of frustration, 
Amsel and Ward (1954, Exp. I) 
trained rats to make one turn in a 
T maze when fed just prior to the 
choice point and to make an opposite 
turn when not fed. The authors 
assumed that in a sequence of rewards 
and nonrewards prior to the choice 
point, nonreward produces frustra- 
tion, and that the stimuli arising 
from the frustration serve as cues 
to differential responding. 


In this design, however, it is pos- 
sible that S’s discriminative behavior 
could be based primarily upon some 
form of differential ‘‘peripheral stimu- 


lation’ accompanying reward and 
nonreward. 

The absence of the reward container 
on nonreward (frustration) trials is 
one possible source of uncontrolled 
peripheral stimulation in the Amsel 
and Ward studies. The only effort 
made to control this factor was to 
render the container relatively in- 
conspicuous; it was small and was 
painted the same brightness as the 
goal box in which it was placed. In 


! This investigation was supported by a 
research grant, M-817, from the National 
Institute of Mental Health, of the National 
Institutes of Health, Bethesda, Maryland 

? Now at Louisiana State University. 


all likelihood, however, the container 
was still perceptible under this ar- 
rangement, since Ss presumably en- 
countered no difficulty in locating 
and consuming reward when it was 
present. 

A second possible source of uncon- 
trolled peripheral stimulation is the 
food-no food (F-Nf) contrast. Resid- 
ual food particles and the consumma- 
tory responses associated with feeding 
might provide the basis for the dis- 
crimination. In order to control for 
mouth-cues in Exp. IV (Amsel & 
Ward, 1954), water, rather than food, 
served as reinforcement and Ss were 
“‘pre-watered” in the starting box on 
all trials from the beginning of train- 
ing. It was assumed that these 
conditions would minimize differences 
in mouth-cues at the choice point 
arising from reinforcement, as com- 
pared with nonreinforcement just 
prior to the choice point. Compari- 
son of Exp. IV with Exp. I revealed 
no difference in rate of learning, sug- 
gesting that the critical cue in both 
cases was frustration stimuli. 

The “pre-watering” technique, how- 
ever, can be considered as only a 
partial control for this factor of 
differential mouth-cues. The time 
since the last reinforcement as well 
as the number of reinforcements 
(whether one or two) still varied 
under this procedure, depending upon 
whether S rewarded or 
rewarded in the stem goal box. 

It would 


was not 
appear, therefore, that 
the Amsel and Ward experiments 
cannot be viewed as unequivocal 
support for the frustration stimulus 
notion because sources of differential 
stimulation other than possible frus- 
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tration stimuli were confounded with- 
in the design. The present experi- 
ment attempted to eliminate this 
confounding in order to evaluate the 
independent contribution of presumed 
frustration stimuli. In general, this 
was accomplished in two ways. First, 
a food container with inaccessible 
reward was present in the goal box 
on nonrewarded trials throughout 
training.’ Inaccessible reward should 
be at least as effective, if not more so, 
in producing frustration (Amsel & 
Hancock, 1957) but it should mini- 
mize differences in stimulation (visual, 
tactual, etc.) resulting from an empty 
goal box on nonrewarded trials. Sec- 
ond, a_prefeeding procedure was 
instituted after Ss had already learned 
a food-rewarded problem similar to 
that used by Amsel and Ward. The 


discriminative behavior of prefed Ss 
was then compared with comparable 
controls to determine the immediate 
effect oi prefeeding before new learning 


could take place. 


METHOD 
Subjects 


The Ss were 36 male albino rats obtained 
from the Psychology Department's colony. 
One S in Group F-Nf died during training. 
All Ss were approximately 120 days old at 
the start of the experiment. 


A pparatus 


A runway and a T maze were used. The 
straight runway was 11 ft. 8 in. long, 3 in. 
wide, and 5 in. deep, with a 12-in. start box 
and two successive 18-in. goal boxes. The 
approach stem to Goal Box 1 was 6 ft. and 
that to Goal Box 2 was 20 in. A guillotine 
door separated the start box from the first 
approach s‘em; two guillotine doors formed 
Goal Box 1, and another separated the second 


* The presence of the empty food cup on 
nonrewarded trials would have been perhaps 
an equally suitable control. The use of 
inaccessible reward precluded complete iden- 
tity in food cups, of course, but permitted 
better control of such cues as visual stimuli 
arising from the food itself 
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approach stem from Goal Box 2. The start 
box and both approach stems were painted 
mid-gray while the 
painted flat black. 

The T maze was formed by detaching 
the second approach stem and goal box from 
the straight runway and replacing these 
with a shorter 9-in. stem and two 22-in. cross 
arms toform the T. A guillotine door 12 in. 
from the end of each arm formed a goal 
compartment. These were painted flat black 
while the remainder of the T was mid-gray. 
Both the straight runway and the T maze 
were covered by hardware cloth. 

Three food cups were utilized. They were 
made from }4-in. high brass cylinders 2 in. in 
diameter. A small cup was drilled in the 
center of each. The inaccessible food cup 
covered with }-in. hardware cloth soldered to 
the top. Hardware cloth was also soldered 
to the top of the remaining two cups except 
for the depression in the center where it was 
cut away. All three cups were painted flat 
black to match the goal compartment in 
which they were placed. 


two goal boxes were 


Both the runway and the T maze rested 
upon a table 30 in. above the floor. Illumi- 
nation was provided by a 200-w. incandescent 
light 7 ft. above and in the center of the 
apparatus 


Procedure 


All Ss were housed individually and were 
placed on a 22}-hr. deprivation schedule one 
week prior to the start of the experiment 
proper. Dry was used. Water was 
present in the home cage at all times. The 
Ss were run approximately 20 hr. hungry 


food 


Accommodation.—On each of five days 
just prior to the start of runway training, Ss 
were placed in the straight runway in groups 
of six for 5 min. and allowed to explore and 
eat Lictle Friskie pellets scattered throughout 
the runway. 

Runway training.—Runway training be- 
gan on the eighth day. The Ss were ran- 
domly divided into three subgroups of 12 Ss 
each. Half of the Ss, six from each of the 
subgroups, were run on one day and the 
remaining half on the following day. Ten 
rotated (spaced) trials were given each day 
until a total of 60 trials had been administered. 

On each trial S was required to traverse 
the runway from start-box to Goal Box 1 
and then from Goal Box 1 to Goal Box 2. 
The reward given in each goal box was one 
Little Friskie pellet (approx. .1 gm.); the 
food cups were situated in the center on the 
runway floor at the ends of the goal boxes 
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At the start of a given trial the entrance door 
to Goal Box 1 was in the raised position, 
the second door was in the lowered position, 
and the door to Goal Box 2 was raised. 
When S faced the starting-box door, this 
door was raised. As S entered Goal Box 1 the 
door behind it was lowered and S was retained 
from 5 to 10 sec. (The exact time varied 
randomly from trial to trial.) The exit door 
was then raised, permitting S to approach 
and enter Goal Box 2. Time required for 
S to traverse the first stem from the moment 
the starting-box door was raised until entry 
into Goal Box 1 was recorded manually by 
means of a stop watch 

Discrimination rhree 
of 12 Ss each were formed on 


training groups 
the basis of 
runway training. All 
straight runway trials 
the procedure described above, fol- 
the T 
remaining 


during 
Ss were given 


periormance 
four 
using 
trials on 
throughout all 
portions of training 


lowed by 10 discrimination 


maze each day 

Group F-Nf (Food-No food) was rewarded 
in Goal Box 1 on 5 of these 10 trials and not 
rewarded on the remaining 5 trials. On 
rewarded trials the goal box in the right arm 
of the T contained additional reward 
Little Friskie pellet 
tained 


(one 
while the left arm con- 
neither food nor food cup. On 
was true. 


lhe task, therefore, was to learn to turn right 


nonrewarded trials the reverse 
when fed in the goal box in the approach stem 
and to turn left when not fed at this point. 

Group F-If (Food-Inaccessible food) was 
treated exactly like Group F-Nf, except that 
on nonrewarded trials inaccessible food in- 
stead of no food was present in the approach 
stem. 

Group If-Nf (Inaccessible food-No food) 
was never fed in the approach stem on any 
discrimination trial. However, on those 
trials corresponding to rewarded trials in the 
other two groups, food 
present in the approach stem and food was 
in the right arm of the T 
trials, 


inaccessible was 
On the remaining 
neither food nor the cup was 
present in the first goal box and food was 
placed in the left arm of the T 

On all trials Ss were retained in the stem 
goal box from 5 to 10 sec. 


food 


The Ss were run in squads of six, with trials 
rotated. Half the Ss from each of the three 
groups were run ona givenday. The reward- 
nonreward pattern in the stem goal box 
RNRNNRNRRNNRNRRNRNRN. 
\fter completion of initial 

340 trials), each of the three 
groups was divided into two matched sub- 


was 
Prefeeding 
T-maze training 


groups on the basis of performance during 


IN DISCRIMINATION 


ia) 
Oo 


MEAN NUMBER 
CORRECT RESPONSES 


oe a ee ee a 
TRIALS (BLOCKS OF 20) 


Fic. 1. Mean correct re- 
sponses for the three groups as a function of 
training trials. 


number of 


training. Forty additional 
trials were given in which the procedure was 
identical to that followed throughout dis 
crimination training, with one exception 
One subgroup from each of the three major 
groups randomly designated as the 
prefeeding subgroup while the remaining Ss 
served as controls. The 


consisted of 


discrimination 


was 


prefeeding pro 
presenting one Little 
Friskie pellet to S on each trial immediately 
prior to placing it in the start box No 
S rejected the reward on any trial 


cedure 


RESULTS 


Discrimination training.—Figure 1 
depicts the performance of the three 
groups during discrimination training. 
It shows the mean number of correct 
blocks of 20 


three 


responses in trials for 
the Table 1 
presents an analysis of variance of 
the number of responses for 
the three groups, right-left position, 
and 17 blocks of 20 trials. 


each of groups. 
correct 


To equate 


Ns in the three groups, one S selected 
randomly in Group F-If and one in 
Group If-Nf were omitted from this 


Trials, and the 
G X T interaction were significant. 
Separate ¢ tests, the 
term the analysis, 
revealed that Group F-Nf differed 
significantly the other two 
groups, while Groups F-If and If-N{ 


analysis. Groups, 


using error 
from between 


from 
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TABLE 1 


ANALYSIS OF VARIANCE OF CORRECT 
RESPONSES FOR DISCRIMINATION 
TRAINING 


df 
32 
2 
30 


Source 
Between Ss 
Groups (g) 
error, 


188.07 
23.65 
Within Ss 1089 
Trials (T) 
Position (P) 
GxT 
wx? 
ee 4 
Gx T xX P 
errory 

e1 

C2 

Cy 


41.01 
0.47 








*P> (i. 


did not differ significantly from each 
other. The performance of Group 
If-Nf was compared with the expected 
value (M = 10) and was found to 
be significantly greater (¢ = 3.06, 
df = 30, P <.01). The significant 
T X G interaction indicates that the 
three groups attained their respective 
levels at different points in training. 
In the Amsel and Ward studies Ss 
made more responses early in training 
to the nonreward side of the T than 
to the reward side. The fact that 
neither the Position variable nor any 
interaction involving Position was 
significant in the analysis in Table 1 
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indicates that, considering all training 
trials together, Ss in the present 
experiment made about equal num- 
bers of right and left turns in the T. 
However, an examination of the 
training data over the first 60 trials 
shows that there was a significant 
tendency to prefer the left side (side 
rewarded following nonreward) of the 
T early in training. This tendency 
was greatest in Group F-Nf and least 
in Group F-If. 

Prefeeding.—The mean number of 
correct responses during prefeeding 
training for prefed and nonprefed 
(control) subgroups in each of the 
three major groups is presented in 
Table 2. Comparable means for the 
same Ss on the 20 trials preceding 
prefeeding training are also shown. 
To equate the number of Ss in the six 
subgroups, one additional S, selected 
randomly, in Group F-If and one in 
Group If-Nf were discarded. Con- 
sequently, each subgroup mean is 
based upon the performance of five Ss. 
An analysis of variance similar to that 
presented in Table 1 on Groups, 
Prefeeding, Position, and Blocks of 
trials showed the main effects of 
Groups and the Prefeeding X Blocks 
of trials interaction to be significant. 
The blocks of trials were the block 
of 20 trials preceding the introduc- 
tion of prefeeding and the two 


TABLE 2 
MEAN NuMBER OF Correct CHOICES IN A BLOCK OF 20 TRIALS FOR Last 20 
DISCRIMINATION TRIALS AND THE Two BLocKs OF 20 PREFEEDING TRIALS 


Pretest 
(Last 20 Trials during 


| 

a | 

. Original Training) | 
Group | 


Fed Control | 
17.¢ 
1; 

13.8 


Note. 
is .33, 


(Prefeeding, First 20 Trials) 


Fed 


16.8 
12.6 


12 


The pooled SD for comparisons between groups is .56 and for (within Ss) c 


Test 1 Test 2 


| (Prefeeding, Second 20 Trials) 


Control Fed Control 


18.6 
16.4 
11.4 


12 
1 ? 
1 ? 


8 
4 
2 


t 


| 


omparisons between trials 
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following blocks of 20 trials. The 
values of the Blocks of trials & Pre- 
feeding X Groups means are given 
in Table 2. From these values and 
the significant Blocks of trials X Pre- 
feeding interaction it can be seen 
that the introduction of prefeeding 
resulted in an immediate decrement 
in correct choices. The first block 
of trials for Group F-Nf appears to 
be an exception since little change 
occurred. 


DISCUSSION 


The superior performance of Group 
F-Nf relative to Group F-If during 
discrimination training as well as the 
above-chance performance of Group If- 
Nf during the same period indicates 
clearly that stimuli associated with the 
presence of the food cup or the sight and 
smell of food on part of the tria!s but not 
on others formed a significant source of 
differential ‘peripheral’ stimulation in 
the present experiment. Also, the fact 


that prefed Ss made significantly more 
errors than nonprefed controls in the 
second portion of the study indicates that 
differences in cues resulting from al- 
ternately feeding and not feeding Ss 
prior to the choice point formed a second 
significant source of differential ‘‘periph- 


eral’ stimulation which must be taken 
into consideration. The only question 
to be resolved, therefore, is whether it is 
necessary to invoke the operation of 
hypothetical frustration stimuli, in addi- 
tion to these other demonstrated sources, 
in order to give a reasonable account 
of the data. 

So far as the results of discrimination 
training are concerned, it may be argued 
that Ss of Group F-Nf learned to turn 
left in the T whenever they approached 
the choice point (a) frustrated, (6) with- 
out the effects of prefeeding, and (c) 
without the food cup present in the stem 
goal box; and to turn right 
they approached the choice 
not frustrated, (b) with the 
prefeeding, and (c) with the 
present in the stem goal box. 


whenever 
point (a) 
effects of 
food cup 

By this 
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reasoning, the inferior performance of 
Group F-If relative to that of Group 
F-Nf resulted from the fact that Ss 
in Group F-If had the benefit of only the 
first two of these sources of differential 
stimulation. The presence of the food 
cup on all trials in this group precluded 
the possibility of the food cup serving 
as a discriminative stimulus for these 
Ss. Simiiarly, Group If-Nf learned least 
rapidly because these Ss had the benefit 
of only the cup-no cup difference in 
stimulation. Group If-Nf Ss were never 
fed in the stem goal box and presumably 
were frustrated on all trials.‘ 

While this line of reasoning appears 
to account for the results of discrimina- 
tion training, there is one difficulty. 
The similarity in rate of learning in 
Groups F-If and If-Nf suggests that the 
frustration cve played a relatively unim- 
portant role in the discrimination learned 
by Group F-If. That is, the food-no 
food cue plus the frustration-no frustra- 
tion cue in Group F-If produced only 
slightly faster learning than the cup-no 
cup cue alone did in Group If-Nf. This 
occurred in spite of the demonstrated 
potency of the prefeeding. 

It appears that a preferable account 
of these results is provided by considera- 
tion of the same peripheral cues without 
making reference to hypothetical frustra- 
tion stimuli. According to this second 
interpretation, Group F-Nf learned most 
rapidly because Ss in this group had the 
benefit of the cup cue in conjunction 
with the food cue. The remaining two 
groups encountered a more difficult 
discrimination and therefore, learned 
more slowly because only a single source 
of differential stimulation (cup-no cup 
in Group If-Nf and food-no food in 
Group F-If) was available to these Ss 
at the time of choice. 

‘There is no direct evidence available, 
outside of face validity, that 
food will produce “frustration,” particularly 
in a sequence of presentations in which food 
is never consumed. As a matter of fact, 
there is experimental evidence that under 
such conditions inaccessible food acts as a 
reinforcer (Lawson & Marx, 1958b; Schlos- 
berg & Pratt, 1956). 


inaccessible 
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Besides being more parsimonious, there 
there are two reasons why an account 
in terms of peripheral cues alone appears 
preferable to one which invokes frustra- 
tion stimuli as a supplementary source 
of differential stimulation. 

First, the similarity in rate of learning 
in Groups F-If and If-Nf is more readily 
incorporated within this view. To do 
so, it is simply necessary to assume that 
the presence and absence of food in the 
mouth (Group F-IF) provided stimula- 
tion only slightly discriminable 
than that resulting from the presence 
and absence of the food container (Group 
If-Nf). Bothcuesincombination (Group 
F-Nf), however, were significantly more 
discriminable than either cue alone. 

Second, the performance of Ss follow- 
ing prefeeding appears to fit more readily 
into a peripheral cues interpretation. 
The prefeeding operation was designed 
to minimize differences in mouth and 
associated cues but presumably did 
nothing to attenuate frustration. Yet, 
the absence of differential prefeeding 
cues appears to have resulted in almost 
total breakdown of the discrimination 
in Group F-If, suggesting that, even if 
present, frustration stimuli were of no 
consequence in directing these Ss’ choice 
behavior. 


more 


Prefeeding had little effect on the 
performance of Ss in Group F-Nf over 
the first 20 trials, which is understand- 
able since these Ss still had the benefit 
of one peripheral cue (cup vs. no cup) 
throughout prefeeding. Why the pre- 
feeding operation should suddenly pro- 
duce a decrement in the second block 
of 20 trials is less easily understood. 

The reasoning 
frustration present 
experiment is necessarily indirect, since 
no direct evidence for the production 
of frustration, such as increased vigor, 
is available. The magnitude of rein- 


with respect to the 


hypothesis in the 


forcement is of the same order of magni- 
tude as that reported by Amsel (1958). 
The recent experiment of Seward, Pere- 


boom, Butler, & Jones, 1957 suggests 
that the evidence for frustration in this 
situation is an artifact of prefeeding. 


In the present experiment.the reduction 
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in correct choices in Group If-Nf, which 
did not have the differential effects of 
feeding, that prefeeding not 
only running speed but 
disrupts discriminative behavior. 
The question may be raised as to 
whether a test situation of this general 
kind can ever be designed which will 
provide unequivocal support for inferring 
the existence of frustration stimuli. 
With the rat as an experimental S, the 
answer appears to be no. When dif- 
ferential responding is attributed to the 
products of differential ‘‘central’’ states 
(e.g., frustration, drive, etc.), the experi- 
mental operations by which the central 
states, and therefore stimuli 
from these states, are 


suggests 


lowers also 


arising 
manipulated, 
must not, in themselves, enter directly 
into the discrimination. Although far 
from perfect, the usual control for this 
factor is to separate experimental opera- 
tions and choice behavior by long time 
intervals. In the case of drive discrimi- 
nation studies, for example, a long time 
elapses between the choice in the experi- 
mental apparatus and the depriving 
operation. Thus the possibility of an 
interaction between choice and the de- 
priving operations is virtually precluded. 
It is because of the seemingly transi- 
tory nature of the effect being dealt with 
in studies of frustration, at least in the 
rat, that this important temporal separa- 
tion between differential experimental 
operations and choice behavior 
not appear to be possible. Therefore, 
what one investigator terms response to 
“central” (frustration) stimuli, another 
may with equal, if not greater, justi- 
fication term response to ‘‘peripheral”’ 
(environmental) stimuli. 


dc eS 


SUMMARY 


The purpose of the experiment 
evaluate the role of 
stimuli in 


was to 
assumed frustration 
discrimination learning. Three 
groups of 12 rats were trained on discrimina- 
tion problems in a T maze. Group F-Nf 
was required to turn right in the T whenever 
fed just prior to the choice point and to turn 
left when not fed; Group F-If was trained 
the same except that on nonrewarded trials 
inaccessible food was in the goal box prior 
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to the choice point; Group If-Nf was never 
fed in the stem goal box and was required to 
turn right when the stem goal box contained 
inaccessible food and to turn left when the 
stem goal box wasempty. After 340 training 
trials, the groups were split into two matched 
subgroups, one of which was prefed in the 
start box on each of 40 additional trials, while 
the other continued on as in discrimination 
training. 

Group F-Nf learned significantly more 
rapidly during discrimination training than 
either of the other two groups. Group F-If 
was superior to If-Nf during the same period 
but not significantly so. In the second 
portion of the study, prefed Ss made signifi- 
cantly more errors than nonprefed controls 

It was concluded that the results of the 
present study could be accounted for in 
conventional discrimination terms without 
recourse to the concept of frustration stimuli. 
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It has become increasingly com- 
mon to analyze interpersonal phe- 
nomena in terms of learning theory. 
In learning theory terms, social situa- 
tions may be characterized as those 
in which the behavior of one person, 
or persons, provides either reinforcing 
or discriminative stimuli, or both, for 
another person, or persons (Hall & 
Rosenberg, 1957; Keller: & Schoen- 
feld, 1950; Rosenberg & Hall, 1958; 
Sidowski, Wyckoff, & Tabory, 1956; 
Skinner, 1953). The present study is 
concerned with effects upon individual 
behavior of “social’’ discriminative 


stimuliin a highly simplified laboratory 
situation. 
The experimental task is the verbal 


conditioning situation extensively 


studied by a number of investigators 


! This was done under ARDC 
Project No. 7737 in support of the research 
and development program of the Air Force 
Personnel and Training Research Center, 
Lackland Air Force Base, Texas. Permission 
is granted for reproduction, translation, 
publication, use and disposal in whole and in 
part by or for the United States Government. 
This study has not received the review and 
approval normally given to this Center's 
reports. The views, conclusions, and recom- 
mendations expressed or implied herein do 
not necessarily reflect the official views or 
policies of the United States Air Force or of 
the Air Force Personnel and Training Re- 
search Center. A preliminary report of these 
findings was presented at the meetings of 
APA, Washington, D. C., September 1958. 

The authors express their appreciation 
for the assistance of the following people: 
Earl Lingle, James McDade, Richard Hall, 
John Roller, and Roland Rosebrock. 
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(Estes & Straughan, 1954; Grant, 
Hake, & Hornseth, 1951; Humphreys, 
1939; Neimark, 1956). In this situa- 
tion one of two events, E, or Es, 
occurs on each trial with relative 
frequencies of + and (1 — 7) respec- 
tively. The S’s task is to predict 
which of the two events will occur by 
making the appropriate response, A; 
or Ay. It has generally been found 
that as the number of trials, , be- 
comes very large, the probability of 
an A; response, Pa; (m), approaches 
x. This “probability matching” has 
been predicted from theoretical con- 
siderations (Bush & Mosteller, 1955; 
Estes & Straughan, 1954). 

We have added to this situation a 
discriminative stimulus which is reli- 
able (i.e., correctly predicts E;) on a 
proportion p of the trials and is 
reversed on the remaining proportion 
of them (1 — p). The discriminative 
stimulus is characterized to S as the 
choice of one of his fellow Ss, although 
it is actually programmed by E. It 
will be noted that when p = 1 and 
when p = 0, the situation reduces to 
the imitation paradigm of Miller and 
Dollard (1941). In the present study 
five values of p and three values of + 
have been used to determine the 
effect of a “ discriminative 
stimulus upon response in a verbal 
conditioning situation. An additional 
purpose of the study was to determine 
if the statistical learning theory 
model for verbal conditioning (Estes 


social” 


302 





PROBABILITY LEARNING 


& Straughan, 1954) applies to predic- 
tion and discrimination behavior in 
this “social”’ situation. 


METHOD 


2 


A pparatus.»—The apparatus consisted of a 
control unit operated by E and three identical 
S units. The S unit consisted of two boxes 
stacked one upon the other. Each box con- 
tained two panel lamps, 1 in. in diameter, 
mounted 7 in. apart. A spring-loaded toggle 
switch was mounted between the lower pair 
of lights. The switch could be moved 
through an arc of 50° in either direction from 
the center; it automatically returned to the 
center position when released. All move- 
ments of the switch were automatically 
recorded by an Esterline-Angus operations 
The Ss were concealed from each 
other by plywood screens. 

Each trial began with the lighting of one 
of the top pair of white lights, s; or s3. The 
light remained on for a period of 5 sec., 
during which time S was to move his switch. 
After S had responded, one of the lower pair 
of green lights, E; or Es, came on for the 
remainder of the 5-sec. period. Neither 
green light appeared if S responded after the 
termination of s; or se. A trial sequence was 
started by E and automatically timed and 
operated during the trial. Stimulus onset 
followed E's pressing of the start button by 
.5 sec. during which period relays clicked as 
they did when an S responded. Thus it was 
reasonable for Ss to believe that another S 
was operating a switch during this interval, 
and that this, in turn, had produced s; or sz. 
The intertrial interval varied between 2 and 
6 sec. with a mode at about 4 sec. All three 
Ss run at a given time received the same 
sequence of s; and E; lights. 

Subjects—The Ss were 135 Air Force 
recruits who were run three at a time. In 
each group of three Ss one had an AFQT 
score of 93 or above, the second had a score 
of 91-65, and the third had a score of 63-31. 
Approximate Stanford Binet equivalents of 
these scores are: 127 and above, 126-108, 
107-94, respectively (Gragg & Douglass, 
1956). Since AFOT category had no 
tistically significant effect in any 


recorder. 


sta- 
analysis, 
it will not be discussed below 

Design \ factorial design consisting of 

2 The apparatus was designed and par- 
tially constructed by R. M. Patton, whose 
assistance in completion of the apparatus 
is gratefully acknowledged. 
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all possible combinations of five values of p 
(1.00, .75, .50, .25, 0) and three values of x 
(1.00, .75, .50) was used. Three replications 
of the 15-group design were run. There were 
three Ss in a replication of each combination. 
In two of the replications, Social groups, S 
was told that the upper white lights indicated 
the choice of one of his fellow Ss. The two 
replications of the Social groups differed 
from each other with respect to the random 
sequence of s; and E; events. In the third 


replication, Nonsocial groups, Ss were simply 


told that the upper white lights were a signal 
to predict. The random sequence of lights 
for this group was the same as that for one 
replication of the social groups. Wherever 
Social and Nonsocial groups are compared 
hereafter, only the one Social group having 
the same sequence as the Nonsocial group 
will be involved. 

Procedure.—Each of the three Ss was 
seated in his booth and told that since differ- 
ent instructions might be given to each S, 
he was to put on ear phones to receive instruc- 
tions. The same tape-recorded instructions 
were then given to all three Ss 

“The box in front of you contains two 
white lights on top and two green lights below 
with a switch between them. Your job will 
be to predict which of the two green lights 
will come on. If you think the green light 
on the right will come on, push the switch to 
the right; if you think the green light on the 
left will come on, push the switch to the left. 
The object is to predict the green light cor- 
rectly just as many times as you car.” 

“First one of the two white lights will come 
on. These indicate the prediction of one of 
the other two men as to which of the green lights 
he thinks will come on You may agree with 
him or disagree with him. In either case you 
are not to make your decision until after you 
have seen your partner's choice. This is your 
signal to indicate your prediction by throwing 
the switch either to the right or to the left. 
You must always make your prediction after 
one of the white lights appears and before it 
goes off. Predictions made after the white 
light is off do not count lo make your 
prediction, throw the switch either to the 
right or the left and then return it to the 
center position. After 
prediction one of the green lights will go on 
to tell you whether 
partner was correct or 
were 


you have made your 
you were correct or your 
neither or both of you 
the object is to 
predict correctly the side on which the green 
light appears just as many times as possible.” 

The instructions were then repeated, after 
which S was told he would have four practice 


correct. Remember, 
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TABLE 1 


ANALYSIS OF VARIANCE OF A; AND | RESPONSES ON THE LAst Four 10-TRIAL 
BLocKs FOR Eacu Group 


(Only values of F significant at the .05 level or beyond are included; 
nonsignificant effects have been pooled.) 


Source 


Between Ss 
Groups (S vs NS) 
Pp 
p x Group 


rT 
Pooled effects 
Error 

Within Ss 
rrial X p 
Ir.XpXr 
Pooled effects 
Error 

lotal 


*P = 0S. 
eP = O01 
t P = O01. 


trials, and was asked to remove his ear 
phones. All Ss received 


with 


the same instruc- 
that sections in 
italics were omitted for the Nonsocial groups. 


tions the exception 


RESULTS 


Two response measures were used: 
(a) the proportion of A; responses 
(predictions that E; would occur) 
in a block of 10 trials; (6) proportion 
of responses in a 10-trial block which 
were identical with ‘‘partner’s’’ choice 
(si). The second class of responses 
will be called I responses hereafter. 
Although group variances were not 
generally homogeneous, and would 
not be expected to be so, analysis of 
variance was used for all comparisons 
which follow despite failure to fulfill 
the assumption of homogeneity of 
variance (Lindquist, 1953). 

Proportion of A, The 
proportion of A; responses in succes- 
sive 10-trial blocks for all Ss having 
the same 7 value are plotted for 


responses. 


Ai Responses 


Response Measure 


I Responses 


76.3 


Nonsocial groups in Fig. 1 and for 
Social groups in Fig. 2. Frequencies 
of A; responding on the last four 10- 
trial blocks were compared by analysis 
of variance (see Table 1). As would 
be expected, * seems to be a deter- 
minant of final level of A, responding. 
There is also a significant difference 
between final levels for Social groups 
and Nonsocial groups. In general, 
Social groups seem to make fewer A; 
responses. Although the difference in 
final level is most marked in the case 
of the groups for which # = .75, the 
x X Group interaction falls short of 
significance at the .05 level. 

In order to examine differences 


among Social and Nonsocial groups, 
a separate analysis of variance was 
done for the final level of A; respond- 


In the case of the 
Nonsocial groups, the effect of p is 
significant (F = 4.35, 4 and 30 df). 
For the Social groups, only the 
Trial X p and Trial X p X @ effects 


ing for each group. 
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SUCCESSIVE TEN-TRIAL BLOCKS 


Fic. 1 Proportion of A; responses on successive 10-trial blocks for Nonsocial groups 
differing with respect to r N = 15 Ss. Theoretical curves through the observed points 
have been derived from: P (m) = x — (x — P (1)) (1 — 6) “™—) where x = .50, .75, 1.00. 


are significant (/ = 2.74, 12 and Theoretical curves through the 


90 df; F = 1.76, 24and 90 df). Why observed points of Fig. 1 and 2 have 
signal reliability, p, should have a_ been derived by the procedure sug- 
greater effect for the Nonsocial groups, gested by Estes and Straughan (1954). 
and why p X Group interaction should Since the N for any combination of 


not be significant is not at all clear. p and = is small, group curves were 
Most probably the much smaller pooled across p (despite the question- 
error variance for the Nonsocial able legitimacy of this procedure in 
groups is responsible for the significant view of the significant p effect for the 
p effect. Nonsocial group). In view of the 


1.00 
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SUCCESSIVE TEN-TRIAL BLOCKS 


Fic. 2. Proportion of A; responses on successive 10-trial blocks for Social groups differing with 


respect to r, N = 15 Ss. Equation of the theoretical curves is the same as for Fig. 1 
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TABLE 2 


@ VALUES FOR THE CURVES IN 
Fic. 1, 2, AND 3 


Group 


Non- 
social 

Non- 
social 

Social 


| .0078 | .0236 | .0329 


.0381 | .0080 | .0918 | .0216 | .0447 
0024 | .0071 | .0170 
| | 


fact that each set of observed points 
is based upon 15 Ss run on the same 
sequence of E; the fit of the theoretical 
curves is not too bad. 

Although the S population and 
experimental procedure of the present 
study differ from those employed in 
more traditional verbal conditioning 
studies (e.g., Estes & Straughan, 
1954; Neimark, 1956) it is of interest 
to compare the present 6 values with 
those obtained in the above studies 
(see Table 2). In general, the present 
6 values also seem to increase as a 
function of  — P(1) but they are 


consistently lower than 9@ values 
typically obtained. Since results of 
verbal conditioning studies with Air 
Force Ss run under the traditional 
procedure (e.g., Neimark & Shuford, 
1959) do not indicate slower learning 
for recruits, it must be the introduc- 
tion of a discriminative stimulus 
which serves to retard learning rate 
(and thus lower the value of @). 
Moreover, when the discriminative 
stimulus is labelled ‘partner’ learning 
rate is retarded still more: a finding 
which is further supported by signifi- 
cant group differences in asymptote. 
These results suggest that existing 
models of verbal conditioning (Bush 
& Mosteller, 1955; Estes & Straughan, 
1954) apply in the present situation 
but that learning rate is a function 
of experimental conditions. 

Proportion of I responses.—The 
proportion of responses matched with 
‘“‘partner,’’ I responses, on successive 
10-trial blocks for all subgroups with 
the same p value is plotted for Non- 
social groups in Fig. 3 and for Social 
groups in Fig. 4. Frequencies of | 
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SUCCESSIVE TEN-TRIAL BLOCKS 


Fic. 3 
ing with respect to p. N = 9. 


Proportion of I responses on successive 10-trial blocks for Nonsocial groups differ- 


Theoretical curves through the observed points have been 


derived from: P;(m) = p — (p — Pi(1))(1 — 6)™-)) where p = 0, .25, .50, .75, 1.00. 
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SUCCESSIVE TEN-TRIAL BLOCKS 


Fic. 4. 


Proportion of I responses on successive 10-trial blocks for the Social groups. 


For each point N = 9 Ss. 


responses on the last four 10-trial 
blocks were compared by analysis of 
variance (see Table 1). The F for 
p effects is highly significant while 
that for # is not. Comparison of 
Social and Nonsocial groups does not 
yield a significant F ratio for between- 
group differences but does yield a 
significant F for Group X p interac- 
tion. An orthogonal polynomial anal- 
ysis (Grant, 1956) of Group X p inter- 
action shows that only the linear 
component is statistically significant 
(F = 8.36, 1 and 60 df). The func- 
tion relating p and proportion of | 
responses appears to be linear, with 
a shallower slope in the case of the 
Social groups (see Fig. 5), i.e., the 
closer p approaches 1.0 or 0, the 
greater the difference between Social 
and Nonsocial groups. There are 
also two significant trial interactions 
which are probably attributable to 
differential variability in I responding 
as a function of differential variability 
in the sequence of s; and Ej. 

The derivation of theoretical pre- 
dictions concerning I responses pro- 
ceeds in a manner completely analo- 


gous to that for A; responses (Bush & 
Mosteller, 1955; Estes & Straughan, 
1954). In this instance, however, the 


two response classes are not A; and A» 
but I (A; responses following s;, and 


Az responses following sz) and NI 
(Az responses following s:, and A, 
responses following s2). The E; ap- 
propriate to s; will occur on a propor- 
tion p of the trials while the inap- 


° 





J 
° 20 40 60 60 100 


PROPORTION OF RESPONSES IDENTICAL WITH “PARTNERS” 


° 





PROPORTION OF TRIALS ON WHICH " PARTWER” IS CORRECT 


Fic. 5. Proportion of I responses on the 
last 40 trials as a function of p. The straight 
line is the value which would be predicted 
if complete probability matching obtained 
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will follow s; on the 
remaining proportion, 1 — p, of the 
trials. 

Theoretical curves have been 
plotted through the observed points 
of Fig. 3. Again, pooling across 7 
is a questionable procedure but one 
necessitated by small N. In this 
instance, the data are based upon 
nine Ss run under the same sequence 
of s\E; pairings, so the fit of the 
theoretical curves seems to be pretty 
As further evidence that re- 
sponding to cue is analogous to verbal 
conditioning, it may be noted that 
the data points of Fig. 3 are similar 
to data obtained by Grant, Hake, 
and Hornseth (1951) who used 7 
values identical with the p values of 
the present study. 


propriate E; 


good. 


Once again, the obtained 6 values 
are somewhat lower than those typi- 
cally reported, although they are 
similar to those obtained in this study 
for comparable m values (see Table 


2). With the exception of the groups 


for which p = .50, there is also a 
suggestion that @ is a function of 
p — P,(1). It will be noted, however, 
that the values are not symmetric, 
i.e., 8 values obtained when p > .50 
seem to be consistently larger than 
those obtained when p < .50. Dis- 
crimination learning seems to proceed 
more rapidly when a cue has a better 
than reliability than when 
the has a than chance 
reliability, although the two situations 
should logically be equivalent. This 
question will be treated in more detail 
in the following section. 


chance 


cue poorer 


In the case of the Social group data 
(Fig. 4) no theoretical curves have 
been fitted the observed 
points are generally quite far from 
their predicted asymptotes; for the 
groups with p = 
conclude that no learning has oc- 
curred. Although analysis of vari- 


because 


.25 one might even 
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ance of the Social group data fails 
to yield a statistically significant F 
ratio for # or for p X m interaction, 
the curves of individual groups do 
suggest some effect of . For ex- 
ample, when p = 0 or 1.0, learning is 
always slower for Social groups than 
for comparable Nonsocial groups (even 
when z = 1.0) but the difference is 
most marked when p = 0, x =.75, 
and when p = 1.0, 7 = .50. When 
p = .25 the Social groups show mark- 
edly slower learning than comparable 
Nonsocial groups only for # = .50 
or .75. None of these findings augur 
well for the extension of a one param- 
eter verbal conditioning 
the description of | 
Social groups. 
Comparison of I responding in 
groups with complementary p values. 
In order to test the assumption that 
learning rate is the same for groups 
which are logically equivalent, curves 
for groups with complementary p 
values were compared by analysis 
of variance. The results are sum- 
marized in Table 3. Curves for 
groups with a completely reliable cue, 
p = 1.0,differ significantly from curves 
for groups with a completely unreli- 
able cue, p = 0, in slope but not in 
over-all level. This supports the 
suggestion of faster learning for reli- 
able cues than for unreliable ones. 
When the cue is partially reliable 
or partially unreliable, p = .75 and 
p = .25, curves of I responding differ 
in level but not in slope; level is 
higher for groups with p = .75. Bush 
and Mosteller (1955) in their analysis 
of data collected by Schwartz in a 
similar experiment found that events 
which increase imitation had a smaller 
effect than events which _ inhibit 
imitation. Their finding implies that 
learning of nonimitation should pro- 
ceed more rapidly than learning of 
imitation—a prediction which is not 


model to 
responding in 
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rABLE 3 


ANALYSIS OF VARIANCE Of 


I Response Curves For Groups with COMPLEMENTARY 
p VALUES: p = 0 oR 1.0; p = 


25 or .75 


Only values of F significant at the .05 level or beyond are included; 
nonsignificant effects have been pooled.) 


Between Ss 
Group G 
p 
r 
GXpXr 
Pooled 
Error 
Within Ss 
lrial blocks (T) 


supported by the results of this 
experiment. 

The F ratios of Table 3 
suggest that when p = 
of I Social 
differ for Nonsocial 
groups in level but not slope; inter- 
Group X p X m, on the 
other hand, affect both level and slope 
of the curves. When p = .25 or .75 
the 


ol 


further 
0 or 1, curves 
for 
curves 


responding 
trom 


groups 


actions of 


connotation 
at all. In 
this instance, sequence predictability, 
mr, has a significant effect upon both 
slope and level of curves of I respond- 
ing. These differences as a function 
of p are compatible with the data of 
Fig. 5. 

Although the F ratios of Table 3 
anything but consistent and 
unequivocal they do seem to support 


social or nonsocial 


the cue has no effect 


are 


/ 
1 
2 
4 
2 
2 
1 
5 


Comparison 


70.03 


_—— DO ID 


the conclusions that: (a) reliable cues 
not have the effect upon 
learning as logically equivalent un- 
reliable cues; (b) I responding is not 
independent of sequence predictability. 

,Generality sequences.—The 
preceding comparisons have made use 
of only one half the Ss of the Social 
groups, three Ss in each sub- 
group. A replication of the Social 
group was run with a different random 
sequence and E; in to 
extend the generality of the findings 
for the Social groups across specific 
When of A, 
responding is taken as a response 
measure, neither sequence effects nor 


do same 


across 


1.e., 


ol sj order 


sequences. frequency 


the interaction of sequence with other 
variables yields an F ratio significant 
at the .05 level. This is also true of 


I responding as a response measure. 





310 EDITH D. 


In the case of I responding, however, 
the F ratio for p X m interaction is 
significant at the .05 level (fF = 2.41, 
8 and 60 df). Although this inter- 
action was not significant in the 
comparison of Social and Nonsocial 
groups, its effect was suggested by a 
comparison of group curves. ‘This 
finding, then, further substantiates 
the conclusion that imitation learning 
in Social groups is a function of 
sequence predictability as well as cue 
reliability. 


DISCUSSION 


The results of the present study show 
that existing formulations of verbal 
conditioning are applicable when a 
discriminative cue is introduced into the 
traditional ‘verbal conditioning situation. 
The addition of a discriminative cue 
does, however, retard the rate of verbal 
conditioning (A; responding) and the 
retardation is even greater when the cue 
is given a social connotation. 

That imitation, or nonimitation, can 
be learned and that the form of the 
learning curve is similar to that obtained 
in other situations was demonstrated by 
Miller and Dollard (1941). Our addi- 
tional finding that imitation can be 
learned under conditions of partial as 
well as of continuous reinforcement 
extends the generality of their findings. 

The extension of existing formulations 
of verbal conditioning to imitation learn- 
ing does not provide an accurate descrip- 
tion of group learning curves for the 
Social groups. Moreover, suggestions 
from the data of the present study that 
sequence predictability affects both slope 
and asymptote of the group curves would 
seem to suggest that no single-parameter 
model will provide an accurate descrip- 
tion of imitation learning with 
discriminative stimuli. Our findings 
that (a) Social groups tend to fall short 
of predicted asymptotes, (b) that differ- 
ences between observed and predicted 
final levels approaches 
0 or 1, and (c) that imitation learning 
proceeds more rapidly then nonimitation 


“‘social”’ 


increase as p 
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learning are all supported by results of 
a similar experiment by Kanarefi 
Lanzetta (1958). 

Why learning should be consistently 
slower for Social groups remains a prob- 
lem. One possible answer to this prob- 
lem derives from the stimulus sampling 
concept of statistical learning theory 
(Estes & Burke, 1953). We assume 
that in any learning situation, but more 
especially in imitation learning with 
“social” discriminative stimuli, many 
of the stimulus elements are S-generated 
and based upon past experience in similar 
situations. For example, most Ss prob- 
ably have little past experience with 
consistently reliable or consistently un- 
reliable social cues (facial expression, 
voicing of opinion, etc.) whereas neutral 
cues are more likely to be consistent 
(traffic lights, signs, printed schedules, 
etc.). All Ss begin with attempts to 
figure out the experimental situation, 
but Ss in the Social groups begin, in 
addition, with hypotheses of human 
fallibility and tendencies to wonder what 
the “partner” is up to. Thus, there 
should be a greater variety of associa- 
tions and hypotheses in the case of the 
Social groups, i.e., in statistical learning 
theory terms, there should be a greater 
variety of stimulus elements, any one 
of which has a low 6; weighting. On the 
basis of these assumptions, one would 
predict lower 6 values and, hence, slower 
learning in Social groups than in com- 
parable Nonsocial ones. The rapid ini- 


and 


tial rise and slow approach to asymptote 


in I response curves of the Social groups 
are compatible with this analysis. 


SUMMARY 


The effect upon verbal conditioning of the 
introduction of a probabilistic cue with a 
social connotation was studied by means of a 
factorial design comprising three values of 
event probability (E,) and five values of cue 
reliability. One hundred and thirty-five Ss 
received 200 trials in a modified verbal-condi- 
tioning situation. Two-thirds of the Ss 
(Social group) were told that the cue repre- 
sented choice of a partner ; the rest (Nonsocial 
group) were not. 

Response measures and results were: (a) 
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proportion of E, predictions was a linear 
function of E; frequency; (b) proportion of 
agreement with cue linear function 
of cue reliability. It was also affected by 
E, frequency. For both measures Social 
groups showed slower learning than Nonsocial 
groups. 
Theoretical 
tension of statistical learning theory were 
fitted to the data. In the case of E; predic- 


was a 


curves derived from an ex- 


tions, the theoretical curves provided a fairly 
accurate description of the data when ex- 
The model 
was inadequate for description of agreement 
with cue in the case of the Social groups. 


tremely small@ values were used. 
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THE EFFECT 


OF SHOCK ON THE RAT'S CHOICE 


OF A PATH TO FOOD! 


rFHOMAS F. LOHR 


Muhlenberg College 


In certain situations shock appears 
to play a role quite opposite to its 
usual one. One of the more notable 
of these situations is that first de- 
scribed by Muenzinger (1934) in 
which rats shocked for making correct 
choices in a discrimination task learned 
more quickly than rats which were 
not shocked. 

The hypothesis presented here stems 
from the observation that “‘shock for 
correct choice’’ means that shock is 
invariably followed by food rein- 
forcement. The law of secondary or 
conditioned reinforcement tells us 
that any stimulus repeatedly followed 
by reinforcement acquires certain 
reinforcing properties of its own. In 
the absence of a reason for asserting 
that punishing stimuli must be an 
exception to the rule, we should 
expect that the aversive properties of 
shock repeatedly followed by food will 
be reduced and perhaps reversed in 
the course of a large number of trials. 

There is, in fact, evidence 
other that the aversive 
properties of the shock actually do 
when shock 
is repeatedly followed by food. Pav- 
lov (1927, p. 30) reports that shock 
and other painful stimuli used as 
conditioned stimuli to salivation no 
emotional 
the withdrawal reflex. 
man (1946) reports 
will ‘“‘seek out” 


from 
situations 


undergo such changes 


longer elicit response or 
Also, Masser- 
that cats 
shock and air blasts 


which have been experienced in con- 


some 


rhese experiments represent a portion of 
a dissertation submitted to the Department 
of Psychology of Harvard 
partial fulfilment of 
the Ph.D. degree. 


University in 
the requirements for 


nection with the obtaining of food. 
It is well known that the sound of a 
food magazine which may originally 
becomes an effective 
stimulus to increasing the speed with 
which bar pressing is acquired. 


startle the rat 


The experiments described below 
represent an attempt to test the 
hypothesis sketched above by intro- 
ducing the shock-followed-by-food se- 
quence into a new situation, one in 
which rats are shocked in one of two 
alleys either of which leads to food. 


EXPERIMENT | 


The first experiment was designed 
to detect what kind of force, aversive 
or reinforcing, was being exerted by 
the shock at any instant before, dur- 
ing, and after a certain number of 
shock-food combinations. The situa- 
tion was arranged so that a rat had a 
choice of either a right or a left alley, 
both alleys being otherwise identical 
and both leading to the same goal box. 
Consequently, when shock was intro- 
duced into one of these alleys after 
the rat had established some pattern 
of responding, the effect of the shock 
could observed in 
terms of the changing ratio of right 
to left choices. 
this 


be continuously 


Since all rats run in 
apparatus without shock de- 
veloped definite right- or left-going 
habits, it was possible to induce them 
to cross the shock grid a number of 
times without forcing by introducing 
shock onto the preferred*® side after 
the habit was well established. 

? The term “preferred side”’ is to be under- 
stood as meaning the turn most 
selected, 


frequently 
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Method 


Subject Twenty 
Lashley 


four brown rats of the 
strain between 100 and 150 days of 
age at the 
Litter were 
the groups All 
days 
trials 

Apparatus.—The apparatus consisted of 
two alleys branching off from the vestibule of 


trials 
distributed throughout 
were handled daily for 10 
beginning of preliminary 


beginning of 
mates 


were used 


before the 


a starting box and converging again in the 
vestibule of a goal box The door of the 
8 X 8-in. starting box was the full width of 
the starting box and was hinged at the top. 
It opened inward permitting S to advance 
into the 5 X 8-in. vestibule. From this 
vestibule the alleys branched off to the right 
and left at an angle of 45 They ran 4 in. 
in this direction, then turned and ran parallel 
to each other for 5 in. before turning back 
toward each other and converging again in 
another 5 8-in. vestibule 
a similar door int 


Phis led through 
another 8 X 8-in. box 
Since the apparatus was symmetrical from 


front to back as well as laterally, Ss could 
be run back and forth without being removed 
between trials Ihe alleys were two inches 
except where they ran parallel to each 

Here were 3 in 
a 3 & 5 in sho k 


were of wood 3 in 


wide 


other they 


Ww ide, each 
grid Alleys 


high and covered on top 


containing 


with wire screen 
The entire device was 


chanically An 


operated me- 
electric motor opened the 
doors at a timing device and 
closed touched the food 
tray in the opposite goal box rhe closing 
started the timer and 
which dropped about 4} gm. of Gaines granu- 


a signal from 
the doors when 5S 


door another device 


lated dog food into thetray at the opposite 
end in preparation for the next trial 

The grids consisted of 24 
glued to composition board 
supplied to the 
AC transformer 


‘ opper 
Che potential 
66-\ 


sets 


strips 


originated in a 
controlled by 
of fixed resistances which could be placed in 
series with the grid. For 
as “medium” 


grid 


and was 


shock designated 
the fixed resistance was 8,200 
estimated current 
07 ma. For shock designated 
the fixed resistance was 22,000 
an approximate effective current 


K., giving an effective 
through S of 
as “strong” 
K., giving 
of .24 ma. 
Procedure All Ss were given preliminary 
training trials in which they were forced to 
the left and to the right in ABBA order for 10 
trials on each of two days All Ss were then 
given 10 free-choice trials a day under 23-hr 
food deprivation on consecutive days until 
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the end of the experiment They 
back and forth without removed be- 
tween trials, the interval being 24 min. from 
the time S reached the tray until the 
opened for the next trial 

Ihe 24 Ss were divided into three groups of 
8 each. Group C was allowed to run 500 
trials and Group B 250 trials before shock 
was introduced 


were run 
being 


doors 


Shock was always given in 
the alley corresponding to the turn for which 
S had developed a marked preference. The 
Ss in Group A were given shock beginning 
with the first trial, half in the left alley and 
half in the right alley Half of each of the 
three groups shock of medium 
intensity and the other half was given shock 
of strong intensity The 


was given 


shock intensity and 
number of preshock trials used were based 


on what preliminary experimentation sug 


gested would be most likely to produce the 
desired results 


Results 


Figure 1 shows for each S the num- 
ber of right and left turns taken in the 
10 trials of successive daily sessions. 
The tendency of the performance line 
for all Ss in preshock trials to fall 
to the base line indicates the estab- 
lishment of marked 
one turn or another. 


prelerences lor 
The immediate 
effect of introducing shock into the 
preferred alley varies, but the even- 
tual effect is to pre ipitate behavior 
into two distinct categories. At the 
end of the shock trials all Ss are 
either avoiding the shock turn 100% 
of the time or are selecting the shock 
turn 100% of the time. The number 
of Ss falling into one of these cate- 


gories or the other seems to vary with 
the intensity of the shock and, to a 


extent, with the number of 
preshock trials. In any case, all Ss 
given strong shock after 250 nonshock 
trials avoid the previously preferred 
turn consistently, while all Ss given 
medium shock after 500 
trials select the shock 
sistently. The performance of Group 
A shows that either of these intensities 
is sufficient normally to 
complete avoidance. 


lesser 


nonshock 


turn con- 


result in 
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The number of right and left turns made by each rat in successive daily sessions 
rhe number of turns to the nonpreferred side is below the line. 


Groups B and C were shocked at medium and strong intensity, respectively, on preferred turn 


beginning at the dotted line 


Discussion 


The acquired avoidance of the shock 
turn found in the majority of these rats 
reflects the usual disposition of animals 
to learn to avoid a punishing stimulus. 
What requires explanation is the fact 
that all Ss in this situation do not do this. 
The concept of conditioned reinforce- 
ment provides a possible interpretation. 

Looking at the typical behavior pat- 
terns of rats that did avoid the 
shock turn, we see that the well-estab- 


not 


lished preference becomes initially dis- 


rupted the introduction of shock. 


This, too, reflects the aversive effect of 


at 


But in this case 
the avoidance tendency does not con- 
tinue to Instead, it appears 
to reverse as the S regains his previous 
level of 100% selection. 
must reflect a change in the aversive 
properties of the shock. In terms of 
secondary reinforcement, the change is 


a punishing stimulus. 
increase. 


This reversal 


due to the reinforcing properties accruing 


Group A was shocked beginning on Trial 1. 


to the shock as S, under the impetus 
of his habit, accumulates more shock- 
followed-by-food experiences. 
Interpreted in this way, the dynamics 
of the forces operating in this situation 
are analogous to those in rolling a ball 
toward the ridge of an incline. If the 
initial impetus is sufficient to carry the 
rat across the shock grid enough times 
to nullify the aversive effect, he will 
acquire what looks like a compulsion 
for taking unnecessary punishment. If, 
on the other hand, the impetus is not 
quite sufficient to carry past the critical 
point, he will show the normally ex- 
pected complete avoidance. As we in- 
crease the intensity of the shock and 
decrease the initial strength of the habit, 
we increase the probability that any rat 
will fall into the avoidance category, 
and as we decrease the intensity of the 
shock and increase the habit strength 
through more preshock trials, we in 
crease the probability that any rat will 
fall into the shock-preference category 





EFFECT OF SHOCK ON CHOICE OF 


EXPERIMENT I] 


Although the first experiment shows 
that the aversive properties of shock 
will be modified, presumably as a 
result of being followed by food, 
it does not clearly show that shock 
will actually acquire positive rein- 
forcing properties. The second ex- 


periment was an attempt to demon- 
strate such an effect by introducing 
a mild shock on one of the alleys from 
the first free-choice trial and gradually 
increasing the intensity. 


Method 


In this experiment 16 
preliminary training, as in 
eight rats in Group L were given shock of 
intensity well below the avoidance threshold. 
They were shocked in the left alley beginning 
with the first trial The eight 


rats were given 


Exp. I. The 


free-choice 


GROUP L 
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rats in Group R were given the same shock 
in the right alley. The amount of shock 
on the grid for these two groups was increased 
one step at the end of every 50 trials, pro- 
vided that S had crossed the grid at least 10 
times in those 50 trials. The estimated effec- 
tive current through S at each of the 10 steps 
from the most mild to the most severe is 
presented in the Table included in Fig. 2. 
It may be noted that Step 6 corresponds to 
what was called “medium” shock in Exp. | 
and Step 10 corresponds to “strong’’ shock. 

The Ss were run 10 trials a day for 50 
consecutive days, in every other respect 
exactly as the Ss in Exp. I. 


Results 


The performance of each S in Group 
L and Group R is shown in Fig. 2. 
As in Fig. 1, the performance line 
indicates the number of right and 
left turns taken in each session of 10 
trials on consecutive days. How- 
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of 10 trials each in Exp. II. 
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2. The number of right and left turns made by each rat in successive daily sessions 
The number of left turns is below the line. 


Shock of intensity 


indicated by step numbers was always on the left turn for Group L and on the right turn for 


Group R. 
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ever, in this figure left turns are found 
below the line and right turns above. 

Two of the features to be pointed 
out in the performance of these Ss 
are (a) the number of Ss developing 
marked preferences for the shock turn 
within the first 200 trials, and (0) the 
‘lack of variability in choice by these 

Ss in their last 200 trials. Here 
again, the patterns of performance 
divide into two distinct -categories. 
Five of the eight Ss in Group L and 
seven of the eight Ss in Group R 
eventually selected the shock grid 
100% of the time. These were all 
subject to regularly increasing intensi- 
ties of shock. The remaining 4 of the 
16 rats avoided the shock grid most 
of the time. 

Perhaps more significant for these 
is the with 
these 12 the shock 
Not one of these 12 makes a 
single digression onto the nonshock 
alley in his last 100 trials. In the 
last half of their 500 trials the mean 
number of 1.33. 


purposes is 
which 
turn. 


consistency 
Ss chose 


nonshock turns is 


Using the Ss in Group C of Exp. I as 


nonshock controls, the mean number 
of turns to the nonpreferred side in 
the last half of the 500 trials is 8.63. 
At shows the difference to be 
significant (P < .01). 


test 


Discussion 


The surprising thing in these results is 
not that so many of the rats chose the 
shock with such consistency but 
that of them did. We would not 
normally expect that a rat, when given a 
choice of a clear alley and one delivering 
a severe shock, would choose the shock 
alley all the time, especially when there 


turn 
any 


has been no inducement other than the 
shock on the grid, for him to choose this 
alley rather than the other. 

Again the interpretation offered is in 
terms of the acquired reinforcing proper 


ties of the shock. In the early stages of 


THOMAS F. LOHR 


chance selection of alleys, the slight 
sensation of shock acquires reinforcing 
properties as a result of being followed 
by food. Consequently, S experiences 
a larger total of secondary reinforcement 
in the shock alley than he does in the 
nonshock alley. 


comes 


Once this process be- 
operative, increases in shock 
intensity may be small enough that the 
conditioned reinforcing properties of the 
shock remain in excess of the aversive 
properties. The fact that these Ss show 
a significantly greater consistency in 
making their preferred turn than do Ss 
who are not shocked suggests further 
that the shock itself is making 
positive contribution to the 
of the habit. 

The fact that some Ss do avoid the 
shock grid needs no special explanation 


some 


strength 


At any point in the process slight acci- 


dental factors might tip the delicate 
balance of positive and negative forces 
with a cumulative effect, in spite of the 
fact that the conditions likely to 
produce the had 


determined as a result of preliminary 


most 
desired results been 
tests. 

In general, the secondary-reinforce 
ment hypothesis, which was suggested 
by the improved learning found in rats 
shocked for correct choices in discrimina- 
tion tasks, 
serious 


appears to meet with no 


obstacles in interpreting the 
data obtained in the two experiments 
presented here. On the other 


neither of the two theories which 


hand, 
have 
been applied to the discrimination experi 
ments seems to apply here. The fear- 
reduction hypothesis originally presented 
by Mowrer (1940) interprets the im- 
shocked for 
correct choices as being the consequence 
of an added reinforcing effect of 
reduction 


proved learning by rats 
fear 


whenever S has crossed the 
shock grid. In 


here, 


the situation described 


fear reduction would be 
effectively served to avoid the 
shock alley and take the other path 
to food. The other interpretation, of 
fered by Muenzinger and others (Muen 
zinger & Fletcher, 1937; Muenzinger 
& Newcomb, 1936), to account for 
improved learning as a result of shock 


more 
were S 
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for correct choices in a discrimination 
task is in terms of a certain emphasis 
lent to the discriminanda by the anticipa- 
tion of shock. In the situations de- 
scribed here reinforcement does not 
depend upon discrimination at all since 
S gets food no matter which way he goes. 

The reinforcement inter- 
pretation of the discrimination experi- 
ments offers 
tages. 


secondary 


minor advan- 
some doubt as 


some other 


There has been 
to whether any improvement in learning 
actually result from shock for 
correct when S is not allowed 
to correct (Wischner, 
1947). Certainly, the improvement is 


less marked in 


does 
choices 
incorrect choices 
the noncorrective situa- 
tion than it is in the corrective situation 
(Muenzinger & Powloski, 1951). This 
difference may be accounted for in part 
by the fact that in the corrective situa- 
tion the rat must experience a shock-food 
sequence on every trial while in the non- 
corrective situation he does not. Both 
Wischner (1947) and Muenzinger (1948) 
have pointed out the rapid decline in 
errors when the shock-right Ss finally 
begin to learn. that the 
positive effects of shock on learning take 
place mainly in the later trials. In 
terms of conditioned reinforcement such 
positive effects could only 
Ss had sufficient 


This is to say 


occur after 
number of shock-food 


experiences and therefore must appear 
in the later trials. 
“Crow, and Powloski (1952) have shown 
that giving pretrials with shock increases 
the amount of improvement in shock- 


Muenzinger, Brown, 


right rats. Prince’s (1956) discovery 
that holding off shock until the twenty- 
fifth trial results in significantly faster 
learning than shocking them for correct 
responses from the beginning, may well 
be related to the observation in Exp. | 
that shock is less disruptive when intro 
duced at a later stage of learning. It 
may be noted that in Prince's 
experiment shock is not introduced at 
full but is 
built up from half strength in two steps 
in the course of 20 trials. 


also 


strength in the beginning, 


In conclusion, the secondary-rein- 


forcement hypothesis appears to be 


useful in interpreting data relating to 
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several situations in which shock appears 
to reverse its usual role. It has some 
additional strength in that it involves 
no assumption other than the well 
established law of secondary reinforce 
ment. 


SUMMARY 


[wo experiments were preformed in an 
apparatus which offered rats a choice of 
equivalent right and left pathways to a goal 
box containing food. When a strong shock 
was introduced into the preferred alley after 
250 nonshock trials, all four Ss avoided the 
shock turn consistently, but when a shock of 
lesser intensity, but still well above the normal 
avoidance threshold, was introduced into the 
preferred alley after 500 preshock 
four Ss 


trials, all 
eventually shock turn 
With shock after 500 
trials or medium shock after 250 trials some 
Ss fell into the avoidance category 
rest fell into the preference category In 
Exp. II, shock of intensity well below the 
avoidance threshold was introduced into one 
alley, eight shock for right 
turns and eight rats receiving shock for left 
turns Ihe shock was gradually increased to 
severe intensity in the course of 500 trials 
Of the 16 Ss, 12 chose the shock turn 100% 
of the time in the last 100 trials. An attempt 
is made to interpret these data in terms of 
secondary reinforcing properties acquired by 
the shock as a result of having been repeatedly 
followed by This hypothesis is also 
applied to the interpretation of other results 
in which the effects of 
stimuli seem to be reversed 


chose the 
consistently strong 


and the 


rats receiving 


food 


aversive punishing 
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SUPPLEMENTARY REPORT: EFFECT OF 
IN EYELID CONDITIONING WITHOUT A 


K. P. GOODRICH, L. E. 


ROSS, AND 


INTERPOLATED UCS TRIALS 
READY SIGNAL! 


A. R. WAGNER? 


State University of lowa 


Kimble, Mann, and Dufort (1955) origi- 
nally reported that UCS-alone trials inter- 
polated in the middle of a series of CS-UCS 
conditioning trials produced a performance 
increment in eyelid conditioning comparable 
to that produced by paired conditioning 
trials. Goodrich, Ross, and Wagner (1957), 
however, were unable to obtain these results, 
and it was suggested that one of the factors 
differentiating the two experiments was the 
use of a ready signal by Goodrich, Ross, and 
Wagner and no ready signal by Kimble, 
Mann, and Dufort. Dufort and Kimble 
(1958) subsequently reported that, consistent 
with the original two studies, UCS-alone 
trials apparently led to a performance incre- 
ment when no ready signal was employed, 
but failed to produce such an effect with a 
ready signal. 

A pilot study by the present authors failed 
to show this effect of the no ready signal 
condition, the results being essentially like 
those found by Goodrich,’ Ross, and Wagner 
with a ready signal. It was therefore decided 
to conduct the present experiment in an 
attempt to provide information relevant to 
the determination of the relationship between 
the no ready signal condition and the effects 
of interpolated puff-alone trials 
conditioning 

Method.—Eighty-nine from an 
introductory psychology course served as Ss. 
Five of these were discarded as voluntary 
responders (Spence & Taylor, 1951). The 
apparatus, recording equipment, and pro- 
cedure were like those of the 
previous study, except that (a) the CS in 
the present experiment was the increase in 
luminance of a 2.25-in. milk glass disk from 
less than .004 to .32 apparent ft.-c. (instead 
of from .05 to 1.51 apparent ft.-c.), and (b) 
no ready signal was employed in the present 
experiment, the trials occurring at intervals 
of 15, 20, or 25 sec., according to a predeter- 
mined random order 


in eyelid 


women 


essentially 


! This study, carried out under the general direction 
of K. W. Spence, is part of a project concerned with 
the influence of motivation on performance in learning, 
under Contract N9 onr-93802, Project NR 154-107 
between the State University of lowa and the Office of 
Naval Research. During the course of the investiga 
tion, authors Goodrich and Wagner were National 
Science Foundation Predoctoral Fellows. 

? Now at the University of Pennsylvania, the Uni 
versity of Wisconsin, and Yale University, respectively. 


The Ss were assigned to three treatment 
groups with an attempt to match the fre- 
quency distributions of number of CRs on 
Trials 1-10. The Ss in Group C, the control 
group, received 60 successive paired condi- 
tioning trials. Group X-20 was identical 
to the experimental group in the previous 
study, receiving 20 conditioning trials, then 
20 puff-alone trials, then 20 conditioning 
trials. Group X-10 was treated in the same 
manner as Group X-20, except that the 20 
puff-alone trials were interpolated following 
Trial 10, followed by 30 conditioning trials 
As in the original study, no instructions were 
given when the stimulus 
changed. 

Results and Performance 
curves for the three groups are shown in Fig 
1. It may be seen that Groups X-10 and 
X-20 exhibit a lower level of performance 
following their interpolated UCS-alone trials 
than does Group C following a like number of 
conditioning trials. The distributions of 
scores were not normal, so nonparametric 
The Kruskal-Wallis (1952) 
H test was significant (H = 8.24, P < .02) 
for the three groups Trials 41-60 
Mann-Whitney U tests between Group C 
and each of Groups X-10 and X-20 
significant (P = .05), but 


conditions were 


Discussion 


tests were used 


over 


were 


the difference 
between Groups X-10 and X-20 


was not 


significant (P > .20). It seems clear that 


70 
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TRIALS 


Performance curves for the three groups 
(N = 28 per group). 
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the puff-alone trials for the experimental 
groups did not have the same effect upon 
subsequent performance as did the 
number of conditioning trials in the case of 
Group C 

On the reasoning that it is paired condi- 
tioning trials which are critical in performance 
increments, it is of interest to compare each 
of the two experimental groups with the con- 
trol group at points in training at which they 
have had equal numbers of paired trials. 
Thus the performance of Group C on Trials 
21-40 was compared with that of Group X-20 
on Trials 41-60, and the performance of 
Group C on Trials 11-40 was compared with 
that of Group X-10 on Trials 31-60. It will 
be noted that the interpolated UCS-alone 
trials appeared for both experimental groups 
to produce a small decrement in performance, 
quite the opposite from the Dufort and 
Kimble results, although the differences were 
not statistically (P > .05 in both 
cases). Similar results to the present ones 
were obtained in the original study with the 
counterparts of Groups C and X-20 


same 


reliable 


ROSS, AND A. R. 


WAGNER 


Dufort and Kimble reported that under 
conditions of no ready signal, as in the present 
experiment, the interpolated puff-alone trials 
resulted in subsequent performance com- 


parable to that of a control group which had 


received all paired trials. The present results 
this effect for 
independent interpolated-UCS groups. 


do not show either of two 
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